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VI Philoſophy is in great Repute, and in this 
N Age bas met with many who cultivate it; 
2% 23 yet in myſt of the Writings of the Philoſo- 

phers, there is ſcarce any thing Methanical to be found 

befides the Name. Inſtead whereof, the Philoſophers ſub- 
flitute the Figures, Ways, Pores, and Interſtices of Car- 

puſeles, which they never ſaw ; the inteſtine Motion of Par- 
ticles, the Colluctations and Confli#s of Acids and Alkaties, 


and the Events that thence ariſe, they relate ſo exattly, 


that there is nothing but a Belief wanting in the Hiftory of 


Nature, as often as they ſet forth. the Miracles of their 


ſubtile Matter : I ſay, Miracles, for certainly that muſt be 
4 ſort of a Miracle, which happens contrary to ibe well: 


— Laws of Nature, and the eftabliſhed m— 
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NMecbanicłs 3 as would be all the Phenomena of Nature, if. 
they were produced by a ſubtile Matter, and the Method 
of Operation that is delivered by the Philoſophers. 

T o explain the Works of Nature, they make uſe of 
ſuch Poſtulata, as can neither be conceded, or underftood ; 
and ichich are indeed more complicated than the Pheno- 
me na themſelves, whoſe Cauſes they inveſtigate. Beſides, 
if their Poſtul ita are granted yet the Effetts cannot be 
thence deduced, whoſe Cauſes and Origis _ _ to 
bave diſcovered. 

Bu T that nobody may ſuſpef# that this is rafhly and 
malevolently aſſerted by us, we ſhall bere examine the 
Theory they have framed to explaiti the moſt univerſal 
Affection of all Terreftrial Bodies ; I mean Gravity, 
which they principally boaſt of having been able to 
deduce by Mechanical Laws from the Aion of a 3 ſubtile 
Matter. 

TAE Carteſians will have Gravity te ariſe from the 
Action of a Celeſtial Matter, which being agitated in 4 
Vortex, is carried about the Earth, and conſequently re- 
cedes, as much as it can, from the Earth, and forces 
Terreſtrial Bodies being leſs agitated towards the Earth. 
Or, as the Moderns have more clearly explained the Opi- 
nion of Cartes, ſince the ethereal Matter makes continual. 
Gyrations about the Earth, it will bave, after the manner 
of Bodies that move circularly, an Endeavour of receding 
from the Center of Motion, ſo that the Terreſtrial Bodies 


baving a leſs Force, will be compelled by it towards the 
Center ; as Water gravitating towards the Earth, drives 


epwards or towards the Circumference, Bodies of a leſs 


Wiigbt 6— Bulk, which are immerſed in it. 
Txr1s, 
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| Tars, bowever ſpecious it may ſeem at firſt appea- 
rance, if it be brought to an Examination, will be found 
contrary. to almoſt all the Laws of Nature. For in the 
firſt place, theCarteſians require their Ethereal Matter to 
be carried round the Earthin Circles ʒ but from what Cauſe 
that Motion ariſes, or by what Means it is continued, is as 
difficult to explain, as to give a Reaſon for Gravity itſelf. 
They therefore who contend that Gravity proceeds from 
thence, undertake to explain what is unknown by what is 
fill more unknown, eſpecially fince there may be produced 
divers Arguments, whereby that Rotations wholly de- 
Areyed. But let ths grant to the Carteſians their Poſtula- 

tum, and then let us ſee, whether this Phenomenon does 
thence follow. Since it is neceſſary that the Velocity of the 
Vortex revolving about the Earth, is, at the Superficies of 

the Earth, equal to the Velocity of the Earth's Rotation, 

(for if it was greater, ſome part of the Motion would be 
communicated to the Earth; whence it would happen, that 

its Velocity would be always diminiſhed, and that of the 
Earth increaſed, till they arrived at an Equality) ſo that 
from the Magnitude of the Earth, and the Time of its Ro- 
tation being known, there will be given the Space, which a 
Body, urged by the Centrifugal Force of the Celeſtial Mat- 

ter, can run over in a given Time; namely, that which is © 
equal to the Square of the Arch deſcribedin the mean while, 
applied to the Diameter of Ch Circle: By Lemma 2: in; 

the Demonſtration of Monſ. Huygens's Theorems of the = 
| Centrifugal Force aud Circular Motion. If a Calculation 
be made from this Principle, it will be found that the Space 
which will be run over in a Second of Time, by @ Body 
agjtatedby a Centrifugal Farce of the aber, will nat ex- 
A 3 ' ceed 
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e 4 Foot: If therefore the Effect of Gravity was 
pro mechanically, heavy Bodies in a Second of Time 
would not deſcend above balf a Foot; but ' beavy Bodies 
in their Motion downwards will paſs. over in the ſame 
Time fifteen Feet. So that if after this manner the Aber 
was the Cauſe of Gravity, it would at contrary to the 
Laws of Mechanicks, by making @ Body deſcend through, 
Hfteen Feet in one Second of Time. 

To avoid the Force of this Objeftion, the Carteſians 
ſuppoſe the Ratatjon-of the ethereal Matter to be much 
 ſwifter than the Rotation of the Earth. Which, though. - 
it is impoſſible, - yet if we alſo concede to them this, there 
will not thence proceed the Mechanical Action of Gravity. - 

For fince the Matter of the Vortex is aluays carried in 
Circles parallel to the Equator, and the Directions of the, 
Centrifugal Forces are always made in Lines lying in 
the Planes of theſe Circles; it follows, that all Bodies. 
muſt deſcend in theſe Planes, and tend perpendicularly 10 
the Axis, and not to the Surface of the Earth. If there- 
fare the ſubiile Matter acted mechanically, it would force 
Bodies perpendicularly to the Axis ;, whence fence, according 
te theſe Theoriſts, it compels them to tend to the Center of 
the Earth, it produces an E e to the true 
Laws of Mechanicks, | 1 

THrarT they may remove this Difficulty, they farther. 
ſuppoſe the ethereal Matter to be carried not in Circles. 
parallel to the Equator, but in great Circles of a Sphere- 
But bow it is poſſible to conceive this," I am at a toſs 10 
know for ſince every great Circle twice interſetts all abe. 
other Circles that are infinite in number, i! is nec el ary that 
the Motion of any Periicle * be bindered ty infinite» 

IF : oibers 


ethers moving different. ways, and at lngth u  Metion 
ſhould ceaſe, if at firſt an equal Quantity of Motion was 
impreſſed on all the Parts; or. (hat, Jaſtly, it ſhould be all 
carried in parallel Circles, if at the beginning the Motion 
was greater towards one Part than the other. Mort 
over, it may be aſked, whence it comes io paſi that tht 
ethereal Matter daes move in the Super ficies af the outer 
moſt Sphere, - ſince it bas @ Centrifugal: Farce, it ſeems 
as i it ſhould recede from thence; what they is it tba 
hinders it from doing YO They are warts 40 anſwers 
That the ambient Bodies compreſs the Mutter in the. en- 
terior Sphere, and prevent its eſcaping. But fnce this 
Matter muſt preſs other Bodies etcompaſſing it, it is nt+ 
ceſſaty that it communicates a Motion to ubm, and ihe/e 
Bodies in like manner will impreſs a Matidn on others 
encompaſſing them, and ſo the Mation of the fubtile Mat- 
ter will be propagated in infinitum; \ whence of 
its Celerity muſt languifh by degrees. 
THERE are many other Dita which drcompany 
theſe Mechanical Explicationrof Gravity; one whereof we 
ſhall bere propoſe, and which extends to all the Theories of- 
this ſort. And it is this : If a Body is after any manner 
driven downwards by a ſubtile Matter, the Force whereby 
it is driven, will be neceſſarily as the Number of Particles, 
by the atting of which together, the Body ts conſtrained to N 
tend tomurdt the Earth : but the Number” of Particles ts 
as the Superficies of the Body; wherefort the Ferce — 
by the Body is preſſed dom mardi, will be as its Superſcies, 
and not as the Quantity of Matter in the Body, which is 
contrery to Experience. Nor coil all the reſt of the Hypo-" 
3 which they frame io account for the- rippearance of 
| A 4 orber 
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other things, be found leſs repugnant to 1 
ture, if they are brought to an Examination. 
ATT theſe Errors ſeem to ſpring from hence; that Men 
ignorant of Geometry preſume to philoſophize; ahd to give 
the Cauſes of Natural Things. For what can we expel 
but Miſtakes, from ſuch, as having neglected Geometry; 
the Foundation of all Philsſophy, and being unacquainted 
with the Forces of Nature, can only be eſtimated by 
the means of Geometry, do t to explain its Ope- 
rations, by a Method not with the Rules 
of Mechanicks ? 

AmMoNnGcsT the Philoſophers of this ſort, Cartes leads 
the Van; who though Be was a famous Geometer, yet that 
be might accommodate himſelf to the idle and common Herd 
of Philoſophers, made no uſe of Geometry in bis Philoſophy ; 
and although be pretended to explain all things mechanically 
by Matter and Motion, yet be introduced a Philoſophy 
which was as contrary to the true Laws of Mechanicks, as 
was poſſible. Thoſe may be reckoned of his Sec, who 
refuſe the Labour of Philoſophizing aright, that is, Geo- 
metrically: And ſuch are by much the greateſt number, 
being ſcattered almoſt over the whole Earth. 

Bu r alibough ſo great a part of the Pbiloſapbers have 

14 embraced the Shadow of Philoſophy, and not its Subſtance ; 
"9 yet there have not been wanting (nor, I hope, ever will) 

1 ſuch as have employed real Pains in diſcovering the truk 
Laws of Nature, and in inveſtigating from thence the 
Cauſes of Things by Mechanical Principles. 

AMONGST the antient Philoſophers, the Divine Ar- 
chimedes is of the greateſt Eminence; who, beſides his 
Geometrical Labours, has left us the Principles of Mecha- 
nicks 


The PanrACK: ix 
wicks and Staticks ated i in two Bogks de i 
ponderantibus & de Inſidentibus. After 
through a long Series of Years the — > 
lay in Obſcurity, nor was it cultivated except by a very few 
Perſons of a more refined Under flanding. tobom 
we may juſtly reckon Roger and Car- 
dan. But at length, about . ' beginning of laſt Axe. 
that noble Lyncean Phidgſopher Galileo, having by the 
means of Geometry 1 ny Secrets of Nature, 
framed a new Science 4 Method 
| whereby the Mechanical Cauſes of Things might be diſco- 
vered. Then the "Famous Torricelli and Paſchal tread- 
ing in bis very Footfteps, improved Philoſophy by new Spe- 
culations.” Aud laſtly, the Societies of London and Paris 
were inſtitutedby two power ful Monarchs, for the Advance- 
ment of Philoſophy ; whereby the Knowledge of Nature has 
been increaſed with wonderful Inventions, not only ſuch as 
terminate in bare Speculation, but with many others which 
are of commion Uſe to Men. It would be a difficult Taſk 
to reckon up the innumerable Benefits that accrue to Man- 
kind from the Labours of both Societies: nor is it an eaſy 
mati er to ſhew, how much ſucceeding Ages will be obliged 
to the Geometrical Demonſtrations of the Illuſftrious Mon- 
fieur Huygens, concerning the Motion of Pendulums; or 
to the curious Experiments of the Honourable Mr. Boyle, 
whereby be has diſcloſed many wonder ful Setrets 6 £ Nature. 
Our late Poſterity will peruſe with a grateful» Mind 
Dr. Wallis's Treatiſe of Motion; « Work 3 | 
of its kind. The Philoſophers will nom uo longer be trou- 
bled to. find out the Cauſes of Rivers and Winds, fince 
wp. ” I * „ : „ | the 
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they have been delivered by that acute Geometer Ty. 
Hall ey, lde. before him they have been ſought — in 
vain. 


" ISmovrd proceed in enumerating the Merits of 
others towards the real Philoſophy, if I did not find my- 
Jef obliged to ſtop, to mention the great Inventions of Sir 
Thac Newton, whoſe prodigious Genius has laid open 
more and abſftruſer Myſteries of Nature, than Men 
could ever babe hoped for reit is impoſſible to 
comprehend his Diſcoveries within the narrow Limits 
of this Preface, we ſhall only undertake to ſay thus 
much, That what all our Predeceſſors from Time im- 
memorial have banded down to us concerning the Mecha- 
nical Philoſo opby, does not amount to the tenth part of 
thoſe Things, which Sir Iſaac Newton alone, through 
| bis Taft Skill in Geometry, bas found out by his own 
Sazacity, But bow the Mechanical Principles may be 
eaſcly applied to explain the Aﬀettions of ſuch Bodies as 
are at a d;ſtance from us, namely, the Motions and In- 
equalities of the Planets; the learned Werld bas been 
lately informed by the Philoſophical and Geometrical Ele- 
ments of Aftronomy Publiſped by Dr. Gregory, the Savilian 
Profeſſer of Ajtronomy: A Work that will laſs as long 
as (he Sun and Moon endure. 

SINCE therefore ſuch is the State of the Mechanical 
Philoſophy, that there is no Admittance to it but by the 
ws of Geome'ry ;, ſome of my Friends haue requeſted of 
I would widertake to explain to the Youth of this 
Univerſity its eaſieſt Principles, and ſuch as only depend 
on the firft Elements of Geometry; which thing was alſo 
aſted of me in the moſt obliging mannæ in the world, by the 
Gentleman 


The PR ETA. E 


Gentleman who ſubſtituted me in the publick Schools for the | 
ing this Work. And this was Sir Thomas Mil- 
lington M. D. Sedleian Profeſſor of Natural! Philoſophy 
in this Univerſity, and Preſident of the College of Phyſicians 
in London; a Perſon adorned with Learning of every 
kind. By bis Advice it was, that I read the following 
Lectures in this Univerſity : And in them wy principal 
Care was, that Beginners might have clear and diſtint# 
Conceptions of the general Afections of Bodies; for all the 
Errors in Philoſophical, Matters have their Origin from 
the obſcure and falſe Ideas of Things: ſo that I have 
endeavoured, as much as I u able, to expound clearly the 
Extenjion, Solidity, and Drpiſibility of Body, which bave 
been delivered by «thers very obſeurely. And then I have 
explained the Nature and Properties of Motion, which may 
he eaſily conceived by all unleſs ſome ſort of Philoſophers; 
and I have thence deduced the Laws of Nature, and have 
Hen that the Force of Gravity, or the Weight of Bodies, 
is proportionable to the Quantity of Matter in thoſe Bodies, 
and the Principle whereby, thro* the means of Engines, 
great Weights are raiſed. Next, I have made manifeſt 
the Laws of Motion, and the Cauſe of the Acceleration of 
beavy Bodies depending on them ; and by what Propor- 
tion the Spaces paſſed over by heavy Bodies, increaſe or 
decreaſe according to the different Intervals of the Times. 


To theſe ſucceed the Rules of Congreſs, as well in Bard as 


elaſtict Badies, and the Manner whereby the Magnitude | 
of a Stroke may be eſtimated : to which I 


the Compoſitions and Reſolutions of Motions, a 
other Theorems, of no ſmall uſe in Philoſophy. And 
that the F bileſophers may far ther perceive, bow far even 

the 
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the Uſe of the Elementary Geometry extends itſelf in the 
Knowledge of Natural Things, I have demonſtrated from 
the Elements the very beautiful Theorems of Mon. 
Huygens concerning the Centrifugal Force and Circular 
Motion. 
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LECTURE I. 
Of tbe Method of Pbilgſepbixing. 


it is our Purpoſe in theſe Lectures to en- 
deavour to deliver the Explication of the 
Properties and Affections of Bodies, we 
have thought it not improper, in the 
firſt place, to ſay ſomething concerning 


the Sects, and Principles, and Methods of the Philo- 


ark and at the ſame time, to declare our own 


of in the inveſtigating the Cauſes 
of Natural Things. 


AMONGST the various Sefts of Philoſophers that 
have wrote on Phyſical Subjects, there ſeerms to have 
been four of the The ' firſt were 
thoſe who attem to illuſtrate, (hall I ſay?) or 
rather canceal, the Natures of Things, by the Pro- 

perties of Numbers and Geometrical Figures. Such 
were the Fo ron ante es for theſe not 


A; Opinions ſhould be expo>'d 


a Vail over them, by 8 and 


Hietro- 


— did therefore, as 3 were, 
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An Introduci ion to 
and Arithmetick : = 2 did they admit their 
own Diſciples to a thorough Acquaintance with their 
real Opinions and the greateſt Depths of their Phi- 
loſophy, until they had firſt undergone many Tears 
of Probation and Trial. Tho” this Method ſeems 
extremely well calculated to keep up the Dignity bf 
their Profeſſion, yet it had a very ill effect in re- 
ſpe& to us, the Succeſſors of theſe ' Philoſophers. 
For by this means their Opinions have been handed 
down to us with ſo much Obſcurity and Darkneſs, 
that it is almoſt impoſſible to Uiſcern, thro* the Diſ- 
guiſes that they wrapped them up in, what were 
their true Sentiments concerning the Natures of 
Things. But however, notwithſtanding the Philo- 
ſophy of this Sect appears very myſterious to us, yet 
we may be certain,. from their Manner of —_— 
it, that they looked and Ari ick 
to be abſolutely to ſolve the Phenomena of 


2 


Nature, and that they uſed them to that very pur-. 


Things, as to have given proper 

— and to have invented fuck Terms, as are 
very fit to expreſs natural Actions. | 

| are yy 

| Experiments : and make it their 

Buſineſs, that the rties and Actions of all. 

Bodies may be manifeſted to us, by the means of ur 


Lect. x. Natural Philoſophy. 3 
Experimenters themſelves had not too often diſtorted 
their Experiments and Obſervations, in order to * 
vour ſome darling Theories they had eſpouſed. 

TRE laſt fort of Philoſophers are ſuch as are woot 
to be called Mechanical. They that liſt themſelves 
under this Banner, imagine they can explain all the 
Phenomena of Nature by Matter and Motion, by 
the Figure and Texture of the Parts, by ſubtle Par- 
_ ticles, and the Actions of Effluvia; and they like- 

wiſe contend, that theſe Operations are brought 
about by the known and eſtabliſhed Laws of Me- 
Chanicks. 

AmMonGsST theſe various Ways of Philoſophizing, 
| as there is no particular one, wherein we do intirely 
acquieſce ; ſo in each, there are ſome things which we 
can approve of. Wherefore we ſhall chuſe out of all 
of them what may be thought uſeful, and thence com- 
poſe the Method we ſhall here follow. | 
An» firſt of all, in imitation of the ancient Py- 
thagoreans and Platoniſts, we ſhall call in to our aſ- 
ſiſtance Arithmetick and Geometry, as Arts very 
to Philoſophy, and without which, but 
little of Certainty can be ever diſcovered in natural 
Cauſes. For fince every Phyſical Action depends 

upon Motion, or at leaſt it cannot be performed with- 
out Motion; the Quantity and ** „ of Mo- 
tion, the Magnitude, Figures, Number, and Colli- 
ſions of Bodies in motion, and their, Forces neceſſarx 
to move other Bodies, ht to be inveſtigated. But 
it is im le to determine all theſe, without being 
inſtructed in the Nature of Quantity and Proportion: 
and therefore there is occaſion for thoſe Arts, that 
demonſtrate their Properties; and conſequently Geo- 
metry and Arithmetick muſt be ht neceſſary to- 
any one, that would make * reſs in Natural 
Philoſophy. x? 
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| SECONDLY, we ſhall not be aſhamed to. uſe, 
with the Peripateticks, the Terms 9uality, Faculty, 
Attraction, and the like; not that by theſe words we 
tend to define the true and phyſical Cauſe and 
odus of Action, but as theſe Actions may be aug- 
mented and diminiſhed, and therefore ſince they have 
the Properties of Qualities, the ſame Name may not 
unfitly be applied to them, ſo we thereby only 
mean to expreſs the Ratios of the Forces or their 
Augmentation and Diminution. For example, we may 
ſay that Gravity is a ity, whereby all Bodies are 
carried downwards, whether its Caule ariſes from the 
Virtue of the central Body, or is innate to Matter it- 
ſelf; or whether it from the Action of the 
Ether agitated by a centrifugal Force, and ſo tend- 
ing upwards; or laſtly, whether it is produced after 
any other manner whatever, So likewiſe we may 
call the Endeavour of Bodies to approach one ano- 
ther, Attraction; by which word we do not mean to 
determine the Cauſe of that Action, whether it pro- 
ceeds from the Action of the Bodies tending mutu- 
ally to one another, or from their being agi 
EMuvia emitted, or from the Action of the 
or Air, or any Medium whatever that impels 
Bodies, which float in it, towards one ar : 
Actions, I ſay, we may expreſs by theſe Words. 
if the true — __ 
call them occult ities? Certainly 
right, as in ical ions we denote the 
known tities by the Letter x or y; and not 
a very unlike Method we may inveſtigate the In 
| ſions and Remiſſions of theſe Qualities, which foll 
from ſome certain ft 7 
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Leck. 1. Natural Philoſophy. 5 
ſtanding to demonſtrate the following Theorem con- 


cerning their Intenſion and Remiſfion. Every Qua- 
lity or Virtue that is propagated every way in right 
Lines from 2 Center, is diminiſhed in a duplicate 
Proportion of the Diſtance from that Center. 

LzT A bea Point or Center, whence every way 
the Quality is diffuſed, in the right Lines A B, AC, 
AD, and innumerable others ſpread indefinitely 

the whole Space. I fay, that the Intenſion 
ity decreaſes in a Ratio duplicate of thar, 
iſtances increaſe; or, which is the 


Intenſion at a Diſtance equal to the 


z that is, di- 
the Square of A E to the Square of AB. 


. - * I 
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licate Ratio of 
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its Intenſion at a Diſtance equal to 
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the ſpherical BCD H, will be diſperſed 
at the diſtance AE, thro* the whole ſpherical Super- 
ficies EF GK: but the Spiſſitude of any given Rays 
are reciprocally as the Spaces they take 3 Z —_— 
if the Superficies EFGK is double the Su 
BCDH, the Rays at the Sup BCDH, will 
have double the _ the ſame Rays will 
have at the Superficies EFGK: and if the Super- 
ficies EFGK is triple the Superficies BC DH, the 
Rays likewiſe at the Superficies B CDH wall have 
triple the Denſity that the ſame Rays will have at 
the Superficies EFGK ; and — whatever 
proportion the Superficies EFG K has to the Super- 
ficies BC DH, the ſame proportion will have the Den- 
ſity of the Rays at the Superficies BC DH to the 
Denſity of the ſame Rays, at the Superficies EF GK. 
And from Archimed. of the Sphere and Cylinder, it ap- 
Mm that all ſpherical Superficies are in a duplicate 
tio of their Diameters or Semidiameters: the 
Spiſſitude therefore, or Denſity of the Rays by which 
the Quality is propagated to a Diſtance equal to the 
Diſtance AB, will be to the Denſity of the ſame Rays 
at a Diſtance equal to AE, reciprocally in a duplicate 
Ratio of the Semidiameter or Diſtance AB, to the 
Semidiameter or Diſtance AE. But as it has been 
faid, the Intenſion of the Quality at any given Di- 
ſtance, will always be as the Spiſſitude of the Rays 
by which it is pro ed to that Diſtance; there-- 
fore the Intenſion of a Quality at a Diſtance equal to 
AB, will be to the Inn of the fame Quality 
at a Diſtance equal to AE, teciprocally in a dupli- 
cate Ratio of the Diſtance AB to the AE; 
awd n the Square of A E to the Square 
A 
Wi have demonſtrated this Theorem univerſally, 
whatever is the Nature of the Quality, fo that it 
acts in right —_ n 
ä nten- 


\ 
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not to be done without 
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———— 
Ii ties, wi reci y as the 

their Diſtances from the Point whence | = 
' Hence alſo may he compared among themſelves, the 
Actions of the Sun on different Planets; but this is 
not the Buſineſs of our Deſign.; 
ArTzR the Ratios of the Forces are diſcovered 
in given Conditions or Suppoſitions, then thoſe Ra- 
tios are to be compared with the Phenomena of Na- 
ture, that there may be found out, what Conditions 
of the Forces belong to every fort of Bodies. But 
in order to obtain this, many of the Experiments 
that the third Sect of Philoſophers have delivered 
down to us, muſt be made uſe of: tho* this ought 
Caution; for we are 
well appriſed how fond theſe Gentlemen are of their 
Theories, how willing they are that they ſhould be 
true, and how <alily they deceive both others and 
themſelves, in trying their Experiments. Such there- 
fore as are produced by all, and which ſucceed upon 
every Trial, we receive as undoubted Principles or 
Axioms: as likewiſe we ought ſooner to give credit 
to thoſe Experiments that are more ſimple and eaſy to 
be ſhewn, than to thoſe that are more com 

and difficult to be performed. 

LasTLy, We ought to inquire with the —_ 
Atomiſts, and the Followers of the new Philo 
What are the Phenomena that may be explai A 
Matter and Motion, and the known and eſtabliſhed 


Bur that we may proceed in this Affair with the 
greater ſafety, and, as much as poflible, avoid all 
ES ſhall endeavour to obſerve the following 
| Fi xs r, We hall, after the Method of the Geo- 
meters, premiſe ſuch Definitions, as are neceſſary 

. of Things. It is 
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be enpected that theſe ſhould be logical Definitions, 
which conſiſt of the Genus and Difference; or ſuch as 
diſcover the intimate Effence and ultimate Cauſe of 
the thing defined: theſe Matters I leave to be dif- 
puted by others; for ingenuouſly to corifeſs my own 
Ignorance, the intimate Natures and Cauſes of 
Things are not known to me. And whatever ac- 
quaintance I have with Bodies or their Actions, I 
obtained it either by the help of my Senſes, or elſe 
deduced it from ſome of r P ies, which 
Properties were diſcoyered i” as ſame means. 1 
ſhall therefore, inſtead of ſuch © as the 
Logicians are wont to give, exhibite a Deſcription'; 
whereby the thing deſcribed may be clearly and 

diſtinctly conceived, and likewiſe Yo diſtinguiſhed 
from every thing elſe. Wherefore we ſhall define 
all things by their Properties, chuſing out one or 
more of the ſimpleſt, which by ence we are 
certain do really belong to the things themſelves; and 
then from theſe, we ſhall after a man- 
ner deduce ' other Properties of the ſame things. 


Many modern Philoſophers have offended againſt this 
Rule; who define r= ay not by any P ies which 
do certainly belong to them, but by and 


Natures which they ſuppoſe to be in the things 
themſelves. They ſuppoſe it indeed, but at the fame 
time it does not at all appear, whether ſuch Natures 
as they define, are really in the things themſelves. 
The Cartefars,' for — ſay that a Fluid has its 
Parts in continual Motion, but it does not appear 

from our Senſes, Cn 
og . Nat Pn d: nay, that very Argument 

which cheyinatud wenctins this their 
we ſhall overthrow by a Geometrical Demonſtration. 
For they will have it, that the Reſiſtance of a Body 
moving in a Fluid, is lefs, if the Parts of that Fluid 
are agitated by i Motion, than i if. there 


0 * 
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'SECPNDLY, While we are 1 
Truths, it will be of advantage to conſider only the 


as the human Mind is finite, ſo if it be diſturbed by 
too: great a number of things at once, it will by that 
means be rendered incapable of making any Diſcove- 
ries. The Mechanical Writers have 2 thĩs 


in this Eaſe as Points, | 

tion of their M „Figure, and Colour, which 
make no alteration at alH in reſpett to the Length they 
have moved. 

" TainDLy, Iris neceſſary to begin with the moſt 
ſimple Caſes Sur and having voce ute them, we 
may thence advance to ſuch a are more compounded. 
So the fatne Mechanical Philoſophers at firſt ſuppoſe 
the Motion of Bodies to be ix vacuo, or in a Medium 
that has no Reſiſtance; and having determined 14 
Laws of Motion in that Caſe, they thence 
2 — —— and 


cover what Change = 2 * w ariſe to 
92 — Bodies 
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10 
Bodies in motion. For the leſs the Bodies are re- 
ſiſted by the Medium they move in, the leſs will the 
Laus of the Motion of Bodies in that Medium differ 
From the Laws before found out. So likewiſe in Hy- 
droſtaticks, we conſider the Fluid as having no Tena- 
city or Coherence of its Parts, but that they are ſepa- 
rable by the leaſt Force whatſoever: and it is on this 
ſuppoſition, that we determine the Poſitions of Bodies 
immerſed in ſuch a Fluid, and the Preſſures of the 
Fluid on ſuch Bodies. Tho- perhaps there is not in 
Nature ſuch a Fluid, as has no Coheſien of its Parts; 
wherefore the Variation or Diſagreement in the Laws 
of a Fluid whoſe Parts do cohere, from thoſe of a 
Fluid which we ſuppoſe to have no Coheſion in its 
Parts, ought to be inveſtigated; and if that Tenacity 
or Coherence of Parts in the Fluid be but ſmall; the 
Diſagreement from the Laws firſt diſcovered, will be 
but ſmall, and ſcarce diſcernible. | 
Mos x of the Theoriſts offend againſt chis Rule; 
who neglecting, or not thoroughly underſtanding the 
firſt and more ſimple Principles of the mechanical 
Philoſophy, at the very- firſt ſtroke the moſt 
difficult. Problems, and raſhly enough- endeavour to 
ſhew how a World, a Planet, or an Animal might be 
formed. Theſe are nat unlike ſome young Beginners 
in Geometry, who before they e e, 
with the Elements of that Science, preſently 
the Quadrature of the Circle, the Triſection 
Angle by the means of right Lines and — obo 
Duplication of the Cube, and the like: ſo our The- 
oriſts, not having laid a good Foundation, raiſe up 
but a weak Supe it is 
wondered, if their great 
without che diſgrace of 
who philoſophize aright, 
and proceed in a quite 
they 9 o form a World, T 
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Planet, yet they may be able to lay down a ſure 
Foundation, and firm Principles of the Mechanical 


. Philoſophy, and explain the Phenomena, which are 
* deduced. 


WWW 
Of the Solidity and Extenſſon of Bodies. 
AT E ſhall not here give a Definition of Body, 


taken from its intimate Nature or Eſfence, 
v berewith we are not perfectly acquainted, 
. and perhaps never ſhall be: but according 
py oy TY en in the former Lecture, we ſhall 
define it by ſome of its Properties, that diſtinguiſh ic 
from every other Being whatever. We therefore nt 
That a Body is, whet it Avid, ſolid, and capable of 
Motion. 
© THERE is no one, I ſuppoſe, ſo ſlew of Appre- 
henſion, as not readily to perceive, that every finite 
Body has Bounds or Terminations, which Termina- 
tions =" call ies, 1 4 * 
diſtant from its ppoſite; ; again Super 
(lince it is not infinite} has Extremes, which we call 
Lines, and betwixt which there muſt of neceſſity be 
-» ſome diſtance. And moreover there are Terminations 
of theſe Lines, which we name Points, betwixt | 
which alſo there is an Interval. From all theſe Di- 
ſtances taken together, we acquire a diſtinct Idea of 
Extenſion into its triple Dimenſion. For the Diſtance 
| betwixt two oppolite Surfaces of the fame Body, 
is called its Thickneſs or —— ey be- 
twixt two te Lines of fy Superficies, 1 
ſaid to be its Bi hy end che 2 
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the Extremes of a Line, is named its Length. There 
is no Body that does not partake of this triple Pi- 
menſion, and however ſmall we ſuppoſe it to be, it 

is neceſſary that it ſhould have Length, Breadth, and 
Thickneſs: and that which is in a Body, and is de- 
ſtitute of all theſe, is not a Body, but a Point; nei- 
ther is it a Magnitude, but the Beginning or Termi- 
nation of a Magnitude. 

SoLIDITY is that Property of a Body, where- 
by it reſiſts all other Bodies that preſs it on every ſide; 
and whereby, whilſt it poſſeſſes any place, it hinders 
all other Bodies from entering into that place, tho? they 
are forced againſt it ever ſo violently. So, for exam- 
ple, if a Body is held betwixt one's hands, tho? it is 

with ever ſo great a Force, it prevents one's 
from coming to a mutual Contact. 

Tuis is that 2 which N 

teticks are wont to call Impenetrability; 
ds eos Bs wi al uffered to be in an 
fame place at once, or to penetrate each other: — 
I rather chuſe, with an illuſtrious Philoſopher of our 
Age, to call it Solidity. This ſeems to be 
ſo eſſential to all Bodies, that there 13 no other Being, 
in Nature to which it can belong : for tho* there are 
ether ſorts of Magnitudes, e 
lone admits of Sokdiry; all Quantities, or in- 
deed ſuch as are ne Quantities, as Points, _ 
trate, unite, and be in the fame place. For 
Spheres meet each other, in tr fe of Concurſe 
there will be a Point of one united with a Point. 
of the other, or they will agree, or will be in the 

S So if two Cubes are equal, 
placed upon the other, that 
Surfaces | 


Magnitude a- 


- 
% 
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Nn penetrate each other, 
22 = which is impoſſible to hap- 
oY perceive, that we uſe the word 
very different from that of the Geo- 
ſe that Solids may mutually pene- 
other. As, for Example, when Euclid, in 

demonſtrates 


of his Elements, the 


uality of two Parallelepipedons, placed upon the 
Fa. „and betwixt the ſame parallel Planes; it 


follows, that two different P ipedons fo placed 
muſt neceſſari each other : whence it is 
manifeſt, the ſuppoſe their Solids 


penetra- 
ble. The Geometers therefore take the word Solidity 
* ſenſe different from that of the Philoſophers, nei- 


ther do they oppoſe their Solids to penetrable Magni - 
— tos ww" lanes, or Surfaces, to plane. Angles, 
and Lines; or every ofing — ſolid by them, 
that has three Di 
Bu T the Solidity of Bodies is of another ſort, 
which as we have ſaid that it belongs to Bodies alone, 
ſo it is common to every Species of Bodies, whether 
they are fluid, or hard and fix d, or eaſily moved and 
to any Force, or very hea or whether 
have but little Weight, or are utel .— 
if Bodies can be in Nature for a Drop 
ox a Particle of Air remaining fixed eee. peugn 
Bodies, does not leſs hinder the Contact of thoſe. 
two Bodies, than the hardeſt Metal or a Diamond 
L PD B this P Body is di ed 
AST LY, By roperty, Ys ſtinguiſh 
ET ren = 
to be penetrable, w we Space, wherein 
all Bodics to be placed and moved, at the . 
regarding that as immoveable. 
Tuns Carin, who n its Nature, 
allow 


make 
* * 
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of no Space or Extenſion that is not corporeal; but 
ſince we have, or at leaſt imagine we have, an Idea 
of Space diſtinct from the Idea of Body; they cer- 
tainly offend againſt the Laws of good Method, who 
place the Nature or intimate Eſſence of Body in any 
of its Attributes, which, we are not ſure, do only 
belong to it. 

Bur the Cartefians ſay, that the Nature of Body 
cannot conſiſt in any other of its Attributes, ſince 
neither Hardneſs, or Colour, or Weight, or Figure, 
or Taſte, or any of its ſenſible — can conſti- 
tute its Eſſence. For all theſe Attributes may be 
taken from the Body, and yet the Nature of Body will 
remain; but take away Extenſion, and the corporeal 
Being is immediately deſtroyed: therefore it is neceſ- 
fary that the Nature of Body ſhould be placed in Ex 
tenſion alone. 

THis is the Argument of Cartes himſelf, tho? it 
is unworthy a Philoſopher ; for nothing can thence be 
deduced, unleſs this, that thoſe ſenſible Qualities that 
he mentions, are not of the Effence of Body, and that 
Extenſion is an Attribute neceſſary and eſſential to it. 
But what then? Cannot the ſame univerſal Attribute 


— ar you cannot fo 242 
but at the very 
— chat very Idea which you 
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13 
Body: wherefore if the Eſſence and intimate Nature 
of Bady i to be in ſome one Attribute, Soli- 
dity certainly has a much better to be that 
Artribute than Extenſion; eſpecially when there feems 
to be.a Being different from y, which we call 
Space, to which likewiſe Extenſion appertains : at 
leaſt, the contrary does not yet 

B31 8 that we have the ys, of this Space 
diſtin from the Idea of Body, each 14 


alt 
them ſeems to be endued with Attributes, not only 


diſtinct and pro ai themſelves, but fo contrary, 
that it 1s impoſſi magine they could be inherent 
in the ſame She. 2 Body as ſolid 


or 7 diviſible and capable of Motion, 
whoſe Parts may be eaſily difunited, ſeparated and 
Kr 

one Body may e y is 

it may ſtop, 2 eaſt dimintth its Motions = Bod? 
hkewiſe communicate its Motion to another 
Body that is at reſt, or moves with a leſs force to- 
wards the ſame or oppoſite Parts, and carry it along 


with it, 
On the contrary, we conceive -Space to- be that, 
wherein all Bodies are placed, or, to ſpeak with the 


Schools, have their U3i; that it is altogether 
trable, receiving all Bodies into itſelf, and ng 
an Ingreſs to nothing whatſoever; that it is immove- 
ably fixed, ca of no Action, Form or Quality; 
whoſe Parts it is 1 ble to feparate from each 
other, by any Force however great; but the Space 
elf remaining immoveable, receives the Succeſſions 
of things in motion, determines the Velocities of their 
Motions, and meaſures r the things 


themſelves. Theſe ſo diſagreeing and * of 
tributes ie ne Sj. - „ 
2 | ' 
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artefians perhaps may reply, That this Idea, 
which we have here given of race diſtin from Body, 
is altogether imaginary and chimerical, the like to 
which cannot, they ſay, be made to exift in the Na- 
rure of things, by any Power whatſoever. But we 
ate ready to demonſtrate againſt the Cartefians, that in 
truth is given a Space diſtin from Body; of, 
in other Words, and Body are not the ſame 


in , that Space 
things: but we ſhall firſt of all obſerve, that we do 
not now intend to prove the real Exiſtence of Space 
void of all Body, for that we ſhall do in another 
Lecture; we ſhall at preſent be content, only to ſhew 
the Poſſibility of it. 1 a 
Lr us ſuppoſe then any Veſſel, and let it at firſt 
be filled with Air; then let the Air coritained in 
this Veſſel be exhauſted, or, if you will, annihilated 
by a Divine Power, and let all other Bodies what- 
ever be hindered from entering into its Place : I would 
„ now aſk, whether in this Caſe there is not given a 
Space void of all Bodies? All that Body which was 
within the Veſſel is deſtroyed, the Ingreſs of any other 
Body is prevented, and the Form of the Veſſel 1s 
ſuppoſed to be it ſeems therefore to 
neceſſary that a Vacuum, or a Space i 


- Ji 
move © 


Sides will not app one another. They will 
ſay, perhaps, that the Air diffuſed ever , and 
preſſing on all hands the” Sides 
cauſe that Motion. But | 
Air is of a finite Force, the Strength of the Veſ- 
ſel may be ſufficient to balance that Preſſure, and 


. 
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conſequently its form will be rved. But let us 
= that its Sides may an. 1 demand, what 

y will ſucceed into their place? (They will an- 
ſwer,) The Air. What Body will poſſcfs the Space 
left by that Air? (Perhaps they will ſay,) More 
Air? But we muſt ſtop ſomewhere, and at length 
come to ſome Body, into whoſe place no other Bod 
will ſucceed; for it is abſurd to go on thus ad infi- 
nitum: therefore in that caſe, it is neceſſary to ſup- 
poſe a Vacuum. | 

Bur we ſhall alſo ſhew, by an invincible Demon- 
ſtration taken from Geometry, at leaſt the poſſible 
Exiſtence of a Space void of all Body: towards 
which Proof, we ſhall premiſe the two following 
Aſſertions, or Axioms, whoſe Evidence no Philoſo- 
pher will call in queſtion. The firſt is, That no Body 
or Portion of Matter ſtands in need of the Exiſtence 
of another Budy, in order to its own Exiſtence. As, 
for example, a Sphere may exiſt, whether any other 
Body exiſts or not: this evidently follows from the 
Nature of Subſtance. Secondly, Any Body, eſpe- 
cially if it be hard, can preſerve its Figure, if chere 
are no external Bodies or no Agents, which endea- 
vour to induce an Alteration in it. Certainly ic muſt 
be confeſſed, that God can preſerve any Body in the 
ſame State and Poſition ; and whatever may happen 
externally, he can notwithſtanding continue the Fi- 
gure of that Body immutable. 

S1iNCE therefore one or two Spheres may exit, 
without the Exiſtence of any other Bodies; let us 
ſuppoſe all other Baglies, except two Spheres, to be 
annihilated by 3 07 rather let us ſuppoſe all the 
Matter in the Univerſe.to be amal into two 
Spheres, which be repreſentet. by two Circles, 
whoſe Centers let be A and B: and no other 
Body is ſuppoſed to exiſt, thoſe { 


pherical Bodies n:ay 
preſerve their Figure, there being no other external 
i 8 < 4 . Bocy 


- 


An Introduftion to 


Body either to deſtroy or alter it. Theſe two 8 

then are either contiguous or diſunited; if they are 
disjoined, there will be an intermediate Space replete 
with no Body, and therefore all Space is not Body - 
But if theſe Spheres touch one another, it is 
that they touch one another in one Point only, by the 


Elements of Geometry: therefore betwixt the other 


Points of the Spheres there is ſome Diſtance, that is,. 


| ſome Space will lie between. For out of the Point of 
Contact let there be taken any two Points, as D and 
E; if betwixt theſe Points there is no Space, that is, 
no Diſtance, theſe Spheres will touch one another in 
theſe Points, which is impoſſible. 

AGarn, That there is a Space void of all Body, 
may be thus ſhewn. Let us ſuppoſe two Spheres, in 
which all the Matter of the Univerſe is accumulated, 
and that theſe two Spheres are equal; in both which 
let be accommodated the right Lines CD, CE, each 
equal to the Semidiameter of either S , Join 
DE ; this right Line will be equal to the iame- 


ter of one of the S For, draw A D, BE and 
becauſe in 8 eral Triangles A CD, BCE, the 
Angles ACD, BCE, e 


right Angles, the Angle DCE will be equal to the 
third E e at 
the Point C, make two : whence ſince DC, 
CE, are equal, the CDE and CED will be 
likewiſe * but taken together, they make two 
Thirds of two right Angles: wherefore each is oe 
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third part of two right Angles, whence the Triangle 
DCE is equi - angular; and conſequently, D E will be 
equal to the Semidiameter of each Sphere, nor in this 
caſe can it be more or lefs, In like manner, betwixt 
any other Points of the Spheres out of that of Con- 
tact C, there will be ſome Diſtance, having a determi- 
nate Ratio to the Diameter of the Spheres ; and there- 
fore there will be betwixt theſe Spheres a certain and 
determinate Space, not replete with Matter: but 
into that Space may be admitted a Body, whoſe Di- 
menſions agree with theſe Diſtances z but what has 

er Dimenſions, cannot by any Power whatever 
be placed within that Space. Whence, ſince theſe 
Properties demonſtratively agree with the Space here 
ſpoken of, and that Space may really exiſt, tho” 
ho one ſhould think at all, it evidently follows a- 
© gainſt the Cartęſians, that the Idea we have of Space, 
is not chimerical or imaginary z for what is chimeri- 

cal, can have no exiſtence out of the Intellect. 

W x. conclude thetefore, that there is in reality a 
Space diſtinct from all Body; which is as a univerſal 
R wherein all Bodies are contained and mov- 
ed. But what is the Nature of this Space, whether it is 
any thing poſitive, actually extended in itſelf, and en- 
dued with real Dimenſions, or whether its Exten- 
ſion ariſes from the Relation of Bodies exiſting in it, 
ſo that it may be a mere Capacity, Ponibility, or 
Interponibility, as ſome love to expreſs themſelves, 
and to be reckoned in the ſame Claſs of Being with 
Mobility and Contiguity; or whether this our Space 
is the divine Immenſity itſelf, which is through ail 
and in all, or whether it is created or uncreated, 
finite or infinite, dependent or independent on God; 
theſe things we do not here enquire into, but leave 
them to be diſputed by the Meraphyficians. : br 
ſerves our turn to be able to explain ſome of its 
Properties, and to eftabliſh and demonſtrate its Di- 

+ = ſtinction 


20 An Introdufion 10 -t 


ſtinction and Nature to be different from that of 
Body: They who wouid have more, may conſult the 
Philoſophers. 


LECTURE III. 
Of the Divifibility of Magnitude. 


WE; RELT H O UG H it may be demonſtrated by 
MANS many Arguments, that Space is really di- 
"AV ſtinct from Body, and we have already pro- 
Cz Juccd ſome, that ſeem to be unanſwerable; 
yet both theſe things agree in this, that Extenſion is a 
univerſal Attribute, neceflarily and eſſentially belong- 
ing to both of them, Before therefore we proceed 
any farther, it may not be foreign to the purpoſe to 
explain ſome general Affection of Extenſion; as for 
example, its Dwiſibility. | | 
Tr1s Property of Extenſion appertains and ne- 
ceflarily adheres to all Species of Magnitude, as well 
to Lines as Surfaces, and as well to Space as to 
Body. By Diviſibility we would not here be under- 
ſtood to mean an actual ion of Parts from 
another, which ſuppoſes Motion, which indeed 
does not admit, nor do 
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cedes and is placed from it at a given Diſtance; but 
only delivers a Method, whereby a Line may be 
drawn, dividing the Angle in ſuch a manner into 
two other Angles, that the Angle which lies on one 
ſide of this Line, ſhall be equal to the Angle that 
lies on the other fide the ſame Line. So likewiſe 
when, in the following Propoſition, he teaches how 
to biſect any right Line, he only ſhews how to aſſign 
a middle Point, dividing the given right Line into 
two equal Parts, which Point is the common Ter- 
mination of bath the Parts; namely, where one of 
the equal Parts ends, and the other begins. This 
Reſolution of Magnitude into its Parts, is fo inti- 
mate and eſſential to it, as that which has no Parts, 
as, for inſtance, a Point, is not ſaid to be a Magni- 
tude, but the Beginning or End of Magnitude : nor 
can any Magnitude be produced by any Number of 
Points, tho* infinite; for every Magnitude is not 
of Points, but Parts, that is, other 
Magnitudes of the fame kind, whereof every one is 
conſtituted of other Parts, and each of theſe. is ſtill 
made up of others, and ſo on in infinitum: nor can 
we ever arrive at a Magnitude ſo ſmall, but it may 
be yet farther divided into Parts; nor is there given, 
in any Species of Magnitude, an abſolute Minimum, 
but whatever is divided, is ſtill farther diviſible into 
Parts. This conſtant farther Reſolution of Matter 
into Parts, is by the Philoſophers called its Divjiſibi- 
tity in infinitum; and that very truly, ſince there can- 
Not be aſſigned any Quantity of Matter ſo minute, and 
any finite Number ſo great, but that the Number of 
Parts compoſing that Magnicude, that is, into. which 
it may be reſolved, ſhall be greater than that Num- 
ber, how large ſoever it be: for we call that Infinite, 
wich exceeds any Finite. 8 
B u r becauſe this infinite Dividhility of Matter 
can be demonſtrated by Arguments taken from Geo- 
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metry, and fince there are now- a- days ſome Philo» 
ſophers who attempt to baniſh Geometry out of 
Phyſicks, by reaſon they are ignorant of that divine 
Science; and as theſe Gentlemen would be reckoned 
amongſt the moſt Learned, they leave no means un- 
tried, whereby, tho' in vain, may overturn the 
Force of theſe Demonſtrations ; It will be therefore 
neceſſary, before we produce our Geometrical Argu- 
ments, to eſtabliſh their Strength, and to anſwer 
ſome Objections. 

As amongſt the Philoſophers of this Claſs, the 
famous Fobn Baptiſt du Hamel, the Author of the 
Burgundian Philoſophy, is of the greateſt Eminence; 
we ſhall produce his Opinion on this Subject. He 
ſays then, that Geometrical Hypotheſes are neither 
true nor poſſible, ſince neither Points, nor Lines, nor 
Surfaces, as the Geometers conceive them, do truly 
exiſt in the Nature of Things ; and therefore that the 
Demonſtrations that are produced from theſe, cannot 
be applied to things actually exiſting, when none of theſe 
exiſt any where but in cur Ideas. He deſires therefore 
the Geometers to keep their Demonſtrations to them- 
ſelves, and not to make uſe of them in Philoſophy, 
becauſe, according -to him, they ſpread over this 
Science not Light, but Darkneſs. I admire at the Un- 
ſkilfulneſs of this otherwiſe moſt Learned Perſon, in 
this Aﬀair: he might certainly with the ſame Juſtice 
take away all Phyſical Suppoſitions whatſpever, ſince 
Geometrical Hypotheſes are equally certain and e- 
qually ble and real, as are thoſe, which he calls 
Phyſi Certainly if Body exiſts, there muſt of ne- 
ceſſity exiſt real Points, real Lines, and real-Surfa- 
ces, even ſuch as are conceived by the Geometers; as 
we can eaſily make appear. For if Body be given, 
that, ſince it is not infinite, has its Terminations; 
but the Terminations of Body are Surfaces, and 
moſe Terminations have no Depth: for "I 
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they would thereby be Bodies, which Bodies would 
have ſtill other Terminations, which would be Sur- 
faces, and therefore there would be a Su i 
of a Superficies. Either then this Superficies is de- 
ſtitute of all or not: if the firſt, we have 
what we require; if the latter, we come again to 
another Supertficjes, and ſo we ſhould proceed in in- 
fmitum, which is abſurd. - Wherefore we muſt con- 
clude, that thoſe Terminations are deprived of all 
Depth, and are therefore true Surfaces, and as they 
are conceived by the Geometers without any Depth, 
or ſuch as have only Length and Breadeh to cooſtuure 
prey © oy 
Adi n, Since this Surface is not inGaite, it is 
Jikewiſe bounded by its Terminations ; but thoſe 
Terminations are called Lines, which have really no 
Breadth : for otherwiſe they would be Surfaces, 
and would have alſo their Terminations, which we 
ought to conceive at leaſt deſtitute of all Breadth ; 
for, as we —_— _ 
greſſion in tum ;, whence t are really given 
Lines, which are only extended in Length, without 
any Breadth. After the ſame manner, Lines alſo 
have their Terminations, which are called Points, to 
which * — 14 i ady maybe fp Breadth, nor 
Depth. 3 7 * — ns, 
Taser, and B be Gd pole 
| N — not only as to 
be, but alſo to be actually exiſting. 
Bur it will be —— That cheſe . 
Lines, and Surfaces are not material. What, then? 


Who ever aſſerted that a Mathematical Point was 
Matter? Who ever fancied a material Superficies? 
If it was material, ic would have its Buperies or 
However, 
Poin 


Termination: but the 
who ever imagined? 


a Superficies, 
| tho” neither Sur- 
are real Matter; yet 

* they 
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they exiſt or may exiſt in it, as its Modes, Termina- 
rions, or Accidents: juſt after the ſame manner, as 
Figure is not Body itſelf, but only its Affection, 
whereby it is contained under given Terminations, 
_ this has real Properties wholly diſtin from thoſe 
of Body. | 

Ax» again our ungeometrical Philoſophers may 
object, That there is not rated n plane 
Superficies, a Body perfectly ſpheri | 
Geometers feign, nor any Curve 
But how come they to all this? 
ſcen all the Bodies that are in the. Univerſe, and 
vie w'd them thro? a Microſcope? Perhaps they will 
ſay, that a Superficies cannot be plane or ſpheri 
- becauſe in theſe Figures there is a Contradiction and 
an Im ility. But we deſire they would be 
pleaſed ro make out this Contradiction: All Bodies 
of neceſſity are terminated by ſome Figure, plane or 
ſpherical Surfaces are the moſt ſimple and eaſieſt to 
be conceived of any; where then lies the 5 
that it ſhould be impoſſible for a Body to be con- 
rained under theſe Surfaces? I believe there is no 
one who is acquainted with the Elements of Geo- 
metry, but perceives more the Nature and Properties 
of theſe Figures, and knows more of their Affections, 
than all the Philoſophers of this fort put together : 
but none of thoſe ever found any R 
theſe Figures; no Geometer ever ſuf 


* 
pected theſe 
Contradictions in the Nature of Figures: on the 
contrary, ſo many beautiful Properties of thoſe Fi- 
gures diſcovered and demonſtrated by the Geometers, 
evince their - Poſſibility, for of an impoſſible thing 
there can be no real Property, no Demonſtration. 
| that they acknowledge theſe 
and if they are ble, it is in 
" of Matter, Bodies 
therefore ſuppoſe 
two 
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25 
ewo Bodies, whereof one is terminated by Planes, 
the other by a be Plane, ir wil 
ſpherical Superficies 1s placed on the it 
touch it; but it will touch it only in one, and that 
an indiviſible Point, or in a Point that has no Parts, 
by Cor. Prop. 2. El. 3. and therefore in that caſe there 
ll deajoms © wee Pele. But farther, let us ſuppoſe 
this ſpherical Body to be moved on the plane Super- 
ficies, or to be carried along without any Rotation 
about its Axis, inſomuch that the Point touching 
the plane may be always found in the 
ſame Plane; then the Traft which that Point de- 
ſcribes by its motion, will be a Mathematical Line, 
without any Breadth: and if the Diſtance betwixr 


Lines, or partly of theſe; and partly of thoſe, will be 
deſcribed. FR therefore, Lines, 


ways; but we are ing 

fles. We ſhall only farther obſerve, that the Diſtance 
betwixt any two Points of two Bodies, will be their 
given and determinate Diſtance: As, for example, 
the determinate Diſtance betwixt the Centers of the 
Sun and a fixed Star, is that which is meaſured by 
right Line hing berwix thoſe two Fun: which, 


2 
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the Line will remain the ſame in Magnitude and 
Poſition, as long as the Centers of the Bodies remain 
unmoved. 

H aving now ſettled theſe Principles, we return 
to our Purpoſe ; which was to demonſtrate that all 
Extenſion, whether corporeal or incorporeal, was 
diviſible in infinitum, or had an infinite Number of 
Parts; which we ſhall endeavour to prove by many 
invincible Arguments. Of which, this ſhall be the 
firſt: Let AB repreſent a right Line, I ſay it is di- 
viſible into Parts exceeding any finite W what- 


—_— 


” 1 1 


BE 


F G 
Turoven A let be 
and parallel to it let be 
Line BD, and in AC 
as C: if therefore the right Line AB is not diviſible 
into an infinite Number of Parts, let it be diviſible 
only into a finite Number of Parts; and let that 
Number, for example, be fix. In the Line BD on 
the ſide oppoſite to C, let there be taken any Num- a 
ber of Points exceeding fix; for Example, the Points 
E, F, G, H, I, K, L, and let there be drawn by the 
firſt Poſtulate of Euclid, CE, CF, CG, CH, CI, 
_ CK, CL. Theſe thus drawn, divitle the right Line 
A B into as many Parts as there are right Lines; for 
if they do not, then ſome of the right 
ſect AB in one and the ſame Point: 
interſect one another-in the common 


\y. } 
ty 
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ſome two right Lines will cut one another twice, or 
will have the ſame common Segment; both which is 
contrary to an Axiom in the Elements, AB is there- 
fore divided into as many Co —_ 
are right Lines; but there are as many _ 

as there were Points taken in the right 
wherefore ſince there were taken more Points = 
ſix, the right Line AB is diviſible into more Parts 
than ſix. After the ſame manner, how great ſoever 
the Number aſſumed ſhall be, it may be ſhewn. that 
the Line AB is diviſible inco a Number of Parts 


the right Line BD a ts, 
5 eaſily done, ſince no finite Number 
i * 3 and that 
in any given Ratio of a greater uality) and by 
drawing right Lines from the Point C to the Points 


1 Let AB repreſent any 
right Line, I fay it is diviſible into an — 


| * 

28 AI Introduction 10 

. finite Number of Parts; and let that Number be, 
for example, five. Let any right Line A K be drawn, 
making any Angle with AB, and in it, produced if 
neceſſary, let there be taken as many Points as you 
pleaſe above five, which let be C, D, E, F, G, H, K; 
Join K B, and through the Points C, D, E, F, G, H, 
let right Lines be drawn parallel to K B: theſe will 
neceſſarily divide the right Line AB into as many 
Parts as there are right Lines; for if they do not, 
more right Lines muſt concur in one and the ſame 
Point: but they cannot concur, ſince they are pa- 
rallel; wherefore each right Line will interſeft the 
right Line AB ina different Point, and all will di- 
vide the right Line AB into as many Parts, as there 
were right Lines drawn parallel. But there were 
more drawn than five, therefore the right Line A B 
will be divided into more Parts than five. And the 


TrirDLy, If 
zum, it muſt be diviſible into Parts, that are not far- 


ther diviſiblez but there is no Part that cannot be 
ſtill farther divided, becauſe there can be given no 
Quantity ſo ſmall, but there may be fill ken a 
ſmaller, and that in any given Ratio of leſſer Inequa- 
lity. For let AB be a right Line, and let AC be 
an exceeding ſmall Part of it; I fay, there may be 
a Line leſs than A C in any Ratio of leſs Inequality 
as, for example, one to three. From the Point A 
draw any right Line AD, and in it let be taken the 
equal right Lines AE, EF, FG; join GC, and 
through E draw E H parallel to G C, the right Line 
AH will be a third Part of AC: The Demonſtration 
thereof is manifeſt from the * — 

| | th 
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AH C B 


fixth Book of the Elements. And therefore the right 
Line A C will not be the leaſt that can be taken. The 
ſame may be demonſtrated of any right Line what- 
ſoever ; conſequently there is not in Nature an abſo- 
lure Minimum. 44 
Ac Alx, If Quantity was compos' vi 
bles, many Ablurdities would thence follow : for let 
there be, for example, two concentrick Circles, 
ABCD, EFGH, and let the Circumference of the 
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the right Lines QOM, QPN, which will divide 
both the Circumfetences into an equal Number of 
Parts, but the greater Circumference ABCD was 
divided into its ſmalleſt Parts; and therefore the leſs 
Circumference EFG will conſiſt of as many Indivi- 
ſibles, or ſmalleſt Parts poſſible, as the greater Cir- 
cumference ABC: And conſequently ſince an Indi- 
viſible is equal to an Indiviſible, the Circumference 
EFGH will be equal to the Circumference A B CD, 
a leſs to a greater, "which is abſurd, 

LasT Ly, From this Compoſition of nay of 
Indiviſibles, there can be no incommenſurate Magni- 
tudes; which is contrary to what the Geometers 
frequently demonſtrate. For if all Magnitude con- 
ſiſted of Indiviſibles, an Indiviſible would be an 
adequate and common Meaſure of all Magnitudes of 
the ſame kind; for it would be exactly contained 
ſome number of times in all, and therefore all Mag- 
nitudes would have a common Meaſure, and the Side 
of a Square would be commenſurate to its Di 
nal; contrary to the laſt Propoſition of the tenth Bock 
of Euclid*s Elements. 

THERE might be innumerable other Demonſtra- 
tions produced, to ſhew the infinite Diviſibility of 
Quantity, and entirely to overthrow the Hypotheſis 
of Indiviſibles. But what occaſion is there for more? 
ſince the Arguments hitherto alledged, have not leſs 
force to compel the Aſſent, than any Demonſtration 
in Euclid's Elements; inſomuch that it is as impoſſible 
to weaken them, as to deſtroy the Fundamentals of 
Geometry, which no Age or Sect of Philoſophers 
has been ever able to effect. 

— ERP therefore the Phi "Singh bernn 
orce theſe Arguments, they diſtinguiſh betwixt 
a Mathematical and a Phyſical Body. Being 
pelled by the Force of Demonſtration, — 
allow a Mathematical Body may be diviſible in infi- 


nit um; 
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nitum ; but deny that a Phyfical Body can be 
always reſolved into ſtill farther diviſible Parts. But 
what, I would know, is a Mathematical Body, 


but 
ſomething extended into a triple Dimenſion? Does 


not Diviſibility belong to a Mathematical Body, by 
reaſon it is extended? But a Phyſical Body is ex- 
tended after the ſame manner: wherefore ſince Divi- 
ſibility ds on the Nature and Eſſence of Ex- 
tenſion itſelf, and owes to it its Origin, it is neceſ- 
ſary that it muſt agree to all Extenſions, whether 
— or Mathematical. For, 2 a Logicał 
xpreſſion, whatever is predicated of any Genus, is 
predicated of all the Species contained under that 


Genus. 
yet another Diſtinction amongſt the 


TAERE is 
Philoſophers, not unlike the former; whereby they 
own that every Body is mathematically diviſible ix 
infinitum, but they deny that it is phyſically ſo. If 
theſe Words have any Meaning, it is certainly this: 
They acknowledge that a Body is mathemarically, 
that is, really and demonſtratively, diviſible in inf- 
zitum, but they deny it to be ſo phyſically, or accord- 
ing to their falſe Hypotbefis : . they have a Di- 
ſtinction, againſt which nothing can be replied. 

Bur becauſe the Philoſophers, againſt whom we 
diſpute, are not ac ted enough with Geometrical 
Demonſtrations, and therefore do not eaſily perceive 
their Evidence; before we end this Lecture, we 
fhall produce one Phyſical Argument taken from 
Motion, for the infinite Diviſibility of Quantity: 
namely, If Quantity conſiſted of adivitihles, it 
would follow, that all Motion would be equally 
fwifr, nor would a flow Snail paſs over a leſs Space 


in the ſame Time than the ſwift-footed Achilles. For 
let us ſuppoſe Achilles to run very ſwiftly, and the 
| Snail. to creep ſluggiſhly along; if Extenſion con- 
ed of ladrviſibies, — = 

une 


. 
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Time paſs over leſs Space than Achilles: for if in a 
Moment's Time Acbilles paſſes over an indiviſible 
over S ; on, from the Hypotheſis, 
tive ana be a lk For one Indiviſible cannot be 
leſs than another, therefore it will paſs over an equal 
Space. The ſame may be faid of any other Moment 
of Time: Therefore the Spaces paſſed over by them 
both will be equal; and conſequently the ſwift-footed 
Achilles cannot paſs over more Space than the ſloweſt 
Snail : which is abſurd. Other Abſurdities of the 
like fort, may be deduced from the ſame H 
of Indiviſibles z but what we have already ſaid, is 
ſufficient. 
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LECTURE IV. 


herein the Objectiont uſually brought 
againſt tbe Diviſfibility of Matter, 
Arguments, 
as by their help we have ſufficiently demon- 
ftrated the continual Diviſion of Matter in- 
Cavils of the Philoſophers. For there are not a few of 
them, who labouring under I know not what Obſcurity 
produce Arguments of their own againſt a thing ſo 
manifeſtly. true, and to which they 262 alſo pleaſed . 


are anſwered. 
We uo their help we hav ui 
Q to an infinite Number of Parts : it now re- 
mains, that we anſwer to the Objections or 
of Ideas, and not clearly enough perceiving the Evi- 
dence of the Arguments we have here made uſe of, 
to give the Title of Demonſtrations. But as I have 
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curus: If Quantity was diviſible 


33 
Per 
thing in all their Writings upon this head, that had 
ſo much as the very Appearance of Reaſon: they 
were ſo far from coming up to Demonſtrations, that 
no Geometer, however clear-fighted he was, could 
ever perceive in them the leaſt Shadow of a Demon- 
ſtration. I acknowledge there is ſ in the. 
Nature of Infinites, that ſeems not to be 
comprehended by the human Intellect; and there- 
fore it is no wonder, if ſome things follow from it, 
which the Mind of Man, involved in thick Darkneſs, 
is not able to conceive: and eſpecially in our 
Queſtion, there are many things that may as 
Paradoxes, and incredible, to ſuch Philoſophers, who 
are leſs converſant in theſe Matters. However, no- 
thing thence follows, that implies either a* Contra- 
diction, or is t to any Axiom or Demon- 
ſtration. But let us conſider the Cavils produced by 
the Atomical Philoſaphers. The firſt is that of Epi- 
tum, it would 
contain an infinite 9 ſo a Finite 
would contain an Infinite, which 15 abſurd. But I 
defire they would explain their Terms, and tell us 
what they mean by theſe words, An Infinite cannot be 
contained by a Finite. If they ſay an infinite Magnitude 
cannot be contained in a finite Magnitude, I acknow- 
ledge it; but the contrary to this does not follow from 
our Doctrine, nn 
necefliry Conſequence. If they fay that an infinite 
Number of Parts, and thoſe infinitely ſeal] cannot be 
contained in a finite Magnitude, this is the 
thing they ought” te make out. They would nor, 
ſuppoſe, have us believe their Aﬀertions without any 
Proof; nor would they place amongſt the Axioms, 
as a ſelf-evident Propoſiuon, ſuch a one, as we have 
demonſtrated by Rey ns os ee 
to be true. They may urge, that an infi- 
nite 
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nite Numher of Parts muſt I 
nitude: but this is agai 
that is the thing 
Number of Parts? It is certain, w N 
of Parts it has, whether finite or infin1 * 
Parts 


de, 
to their Whole; for as ten tenth Parts 

nit make an Unit, an hundred hundredth 
an Unit taken together do likewiſe 
and a thouſand thouſandth Parts collected in 01 
Sum cannot be greater than the Whole; ſolikewiſc 
the infinite inſini Parts of any Magnitude are 
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is eg A B, (for a, Unit neither 1 
Multiplication or diminiſhes by Diviſion) the 
tity C multiplied by the Number N, will be 
A B: therefore however great or ſmall the Number 
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2 
Un 


is, this multiplying the C will make 
a Product equal to A B, if the ſo 
that it has the 5 as 

N And therefore if N 

the infiniteſimal Part 

| ity C has 

— by an 

an 


any Quantity to be meaſured from the Number of its 
Parts, but from their Number and Magnitude con- 


es, there may be many«& 
both from Arithmetick as well a$Geomecry, where, 
the confeſſion of our Adverſaries. themſelves, the 


umber of Parts will be infinite, but the Magnitude 


compoſed of thoſe Parts ſhall be finite. Let the 


firſt Example be a Series of Numbers decreaſing in 
any 


proportion, which ſhall be "equal 
Number, as, for example, +, 2, +, , ., , Sc. the 
Sum of this Series inued in infinitum will be 
equal to a Unitz but fince the Series is continued 
in innitum, its Terms will be infinite in - 
wherefore in this caſe the Parts of a Quantity, that 
are infinite in Number, will make 4 finite Quantity. 
And in like manner the Sum of this , v, u 
xr, Sc. when continued in infinitum, will be equal 
to half an Unit, as may be'demonſtrated” by Arith- 


to a finite 


metick. But no body will Way, that - this Series, 
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fince it is infinitely long 
Body infinite in Number, may compoſe 

We might produce innumerable other Examples of 
. Kn 


f 
Magnitude 


ä SE comp v, 
tity is diviſible in infinitum, any the leaſt 
will be equal to the greal, fee he leaſt hs a 
many Parts as the But what 
I pray, is this? Becauſe a Yard may be divided into 
an hundred Parts, and a Foot may be like wiſe divided 
into the ſame number of Parts, therefore does it 
follow that a Foot is equal to a Yard? But yd 
can be nothing found more alike, than this W 
and the preſent Objection; w 

is grounded on a moſt falſe H is, which ſup- 
poſes that Magnitudes are to be meaſured by their 
number of Parts alone, without any regard to their 
Quantity. 

Tur farther object, If a Foot may be divided 
into infinite equal Parts, and a Yard may be ſo di- 
vided, that every Part of the Yard may be equal to 
| ane of the Parts of the Foot, the Number of Parts 
in the Yard will be triple —. in 
the Foot; A 
Foot err 


Not at all, for =Þ 
Infinices equal. Nor is 
an Infinite, that there 
greater : tor if there be given 
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has been moſt elegantly demonſtrated 8 


who called this Solid, Hyperbolicum acutum : 
this Solid there are an infinite Number of 
ſince it is infinitely long; therefore the Parts of a 
Body infinite in Number, may compoſe a finite Body. 
We might Annumerable other Examples of 
r 


in anſwering this 
2 he Atomiſts object, If all Quan- 
Magnitude 


- SECONDLY, 
tity is diviſible in infinitum, any the leaft 
will be equal to the &, Gnce the leaſt has as 
many Parts as the But what Conſequence, 
I pray, is this? Becauſe a Yard may be divided into 
an hundred Parts, and a Foot may be likewiſe divided 
into the ſame number of Parts, therefore des it 
follow that a Foot is equal to a Yard? EO 
can be nothing found more alike, than this Way 
Argumentation and the preſent Objection; which 
is grounded on a moſt falſe Hypotheſi 


one of the Parts of the 
in the Yard will 1 
the Foot; whence ſince 
Foot is inſinite, the Nu 
will be triple that infinite 
will be given an Infinite tri 
But whence, do they learn ? 
Does it contradict any Axiom — ws 
Nat atall, — no Axiom _— — 
Infinites equal. Nor is it contrary to ature 
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the Divine Power extended thus far, then God could 
do ſomething that involved a Contradiction, or that 
was repugnant to his immutable Eſſence. But they 
farther urge, If all Quantity is diviſible in inſinitum, and 
the Parts are actually in the Extenſion, there will be 
actually given a Part infinitely ſmall, and conſequent- 
not farther diviſible, In the firſt place, I anfwer, 

t may be denied with Ariſtotle that the Parts are 
actually in the Extenſion, and then their Argument 
falls to the ground, which they boaſted of as an 
unanſwerable Demonſtration. Secondly , we grant 
them that theſe Parts are actually in the Extenſion ; 
we grant that there are Parts infinitely ſmall and in- 
diviſible; laſtly, we grant the Argument: and yet 
nothing thence follows againſt the continual and in- 
finite Diviſibility of a Quantity that is not infinitely 
ſmall. This is ſuppoſed indeed in the Argument, 
but without any Proof. Does it, becauſe an infinite 
ſmall Part of any Extenſſon is not farther diviſible, 
therefore follow, that a given Part, or one not infi- 
nitely ſmall, is alſo not farther diviſible? If any 
thing thence follows, it is, that all continued Quan- 
tity may be reſolved into infinitely ſmall Parts, and 
therefore it is infinitely diviſible. But the third and 
true Anſwer is, by ing that the Parts in the 
Extenſion are ſo minute or ſmall, that they cannot be 
farther wages or tho? m_ GW: given Parts infi- 
nitely ſmall, or ſuch as have t ion to 
ex fomar as a finite to an :nfinite Number, or a 
finite Space to an infinite one; yet we deny that 
theſe Parts are not farther diviſible ; but ſince they 
are extended, they will be alſo diviſible, not only in 
two or three, or more Parts, but likewiſe every one 
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V. 


Of the Subtility of Matter. 
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| not exceed the ———of an Inch: that is, if an Inch 
i jo Length was divided into 124500 Parts, the Thick- 
neſs of the gilding would ſcarce exceed one of thoſe 
Parts; and the Cube of the hundredth Pars 


of an Inch, or which is the ſame thing, the — 
Part 


ſuch Parts. 
TA 4A 


given, in his Book of 1b 


Armoniack, and that Solution being mixed with di- 
ſtilled Water, gave a very deep and conſpicuous 
blue Tincture to 28534 Grains of Water: w 
face the Quantity of Water, whole: Wight is one 


_ "x 11 8 9 1 * 10 
whoſe Side is 488 of an Ich, is che == part of an 
Inch, it follows, that at the leaſt in 10g, 59 cubick 
Inches of Water, there are 105,570 000 Parts diſtin- 
 guiſhable by che Sight: and therefore by this Solu- 
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Effluvia ſo rare will ſcarce affect the Senſe, yet we 
ſhall at preſent aſſume no more; ſo many therefore 
at the leaſt will be the Particles producing the Odour, 
as there are Spaces, each of which are equal to the 
fourth part of an Inch, in a Sphere, whoſe Semi- 
diameter ſhall be five feet; but in that Sphere there 
will be 57839616 ſuch Spaces: ſo many therefore 
will be the Particles producing the Odour in that 
Space. ; 
HA vi in ſome meaſure determined the Num- 
Ber of Effluvia, we ſhall proceed to diſcover their 
Magnitude. Since it is neceſſary, that a Body muſt 
be diminiſhed in Weight, in proportion to the Efflu- 
via that flow from it; the Weight of all the EMuvia 
ing from an odoriferous y in a given time, 
will equal the Weight of the Part of the Body that 
is loſt in that time. Now Mr. Beyle has proved by 
an Experiment, that a certain Maſs of Aſa fætida 
expoſed to the open Air, has loſt in ſix days time the 
eighth part of a Grain in Weight: but ſince the Flux 
of Effluvia from an odoriferous Body is continual, it 
is manifeſt that it ought to be proportionable to the 
Time; and therefore in one Minute's Time the 
Weight of the Effluvia flowing from the Aſa Fztida, 


will be equal to 5128 Of a Grain, But the Magni- 
tude of a Particle of Water, whoſe Weight is one 
Grain, is equal to _522- Parts of an Inch; and there- 
fore 2 Particle of the ſame Water, whoſe Weight is 
rss Of 2 Grain, will be equal in Magnitude to 
of a cubick Inch: but the Gravity of 
100090000000 . p 

| ztidzs to that of Water is (as I myſelf have 
2 a as 8 to . and therefore the Magni- 

of a Quantity 3 


L fetida, whoſe Weight 
; | 15 
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| , 8 
is 5175 of a Grain, will be equal to. 

of a cubick Inch. But the Number of all the 
EMuvia was found before to be 57839616, and 


therefore ſince all theſe EMuvia are only equal 
0 i= Parts of a cubick Inch, each Particle 
OOCOCOCOOCOCOCOO 


466 
will be equal to —_— Parts of a cubick 


1 6000000000 


Inch; or by reducing this Fraction to a Decimal, 
the Magnitude of each Particle will be equal to 


10 OOO 00 ODD OOO 0 Parts of a cubick Inch. 


W Et have hitherto ſuppoſed the Particles producing 
the Odour to be every where equally diffuſed through- 
out the above mentioned Diſtance ; but ſince towards 
the Center or odoriferous Body, whence they proceed, 
they are more and denſer than towards the outward 
Superficies of the Sphere, there will be many more 
Particles than we have before demonſtrated. For fince 
Odours (as all other Qualities, that are 
from a Center in right Lines) decreaſe in a duplicate 
Ratio of the Diſtance increaſed from that Center, 
the Number of Particles producing the Odour, and 
included in a given Space, as, for exam — the fourth 
Part of a cubick Inch, will be, at the A 
foot, quadruple the Number of Particles 
he fave & \ at the diftance of two feet from the 
Center; and nine times greater than the Number of 
Particles at the diſtance of three feet, and ſo of the 
reſt: but if they were in no in greater number 
than a2 Superficies, the Number would 
then be, as before diſcovered, 57839616. It is there- 
fore manifeſt, that their Number 1s far greater than 
the aforeſaid Number. | 

Tx a T therefore, in this caſe, we may determine 
the Number of the Particles * 


We 


* 5 
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we ought to know the Quantity of Aſa fztida that 
Mr. Beyle expoſed to the Air; but we cannot learn 
this from his Writings. It is therefore neceſſary we 
aſſume ſome Quantity; but the leſs we make it, the 
greater will be, cæteris paribus, the Proportion of the 
Number of Particles proceeding from it, to the 
Number before found out. That therefore the Num- 
ber we ſhall diſcover may not exceed the Truth, we 
ought to aſſume ſuch a Quantity, as probably will 
be greater than that which Mr. Boyle expoſed to the 
Air: and let it be equal to a Sphere, whoſe Dia- 
meter is ſix Inches, here repreſented by the Circle 
D HO; and let the right Line AD be five feet or 
ſixty Inches; AB will be 63 Inches. To the Point 
A on AB let be erected the Perpendicular A G, 


1 
| 


which let repreſent the Denſity or Number of Par- 
ticles in a given Space at the diſtance A B; and if at 
all diſtances the Denſity of the Particles was the 


KE a 
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rallelogram A H itſelf. But ſince the Number of Par- 
ticles, in approaching to the Center, is ſuppoſed to 
increaſe in a duplicate Ratio of the diminiſhed Di- 
ſtance; at the Points E, , D, and innumerable others 
taken in the right Line A B, let be erected the Per- 
pendiculars EL, # , DC, which let be to A G as 
the Square of the right Line A B to the of the 
right Lines EB, m B, D B, c. reſpectively; and 
through the Points G, L, 2, C, and innumerable 
others determined after the ſame manner, let be 
drawn a Curve Line. Now if AG repreſents the 
Number of Particles at the Diſtance AB, EL will 
repreſent their Number at the Diſtance E B, on a 
Suppoſition that the Denſity of the Particles are re- 
ciprocally in a duplicate Ratio of their Diſtances 
from the Center; but E Q would denote their Num- 
ber, if their Denſity was every where the ſame. 
After the ſame manner, 1 1 ds the Denſity of 
the Particles at the Diſtance B; but m R would re- 
preſent their Number, if they were uniformly denſe. 
So likewiſe D C will denote the Number of the Parti- 
cles placed at the Diſtance DB; but if they were in all 
places equally denſe, their Number would be repre- 
ſented by D H. And therefore the whole Multi- 
tude of Particles, that flow from the Sphere DB O, 
and whoſe Denſity decreaſes as they recede from the 
Center of a duplicate Ratio of the increaſed Diſtance, 
is to their Makitude, if their Denſity was every 
where the ſame, as it is at the outer Diſtance A D five 
Feet, as all the right Lines DC, mn, EL, AG, 
to the right Lines DH, R, E Q, A; that is, 
as the mixtilineal Area AD CG, to the Area of the 
Rectangle GAD H. 
Tux matter therefore is brought to this, that we 
znquire out the Proportion which the Area G ADC 
has to the Area of the Rectangle AH. But ſince 
the Curve GL C is of ſuch a nature, that the right 
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Lines AG, EL, mn, 8988 + 
Aſymptote A B, are reciprocally Squares 

che Diſtances from the Center; the Curve will be 
of the hyperbolick kind, and the indeterminable 
Space CFBTS compounded of Elements that are 
reciprocal Secondanes : and therefore that , altho* 
indeterminable, will be pe le, and 
equal to twice the Rectangle B, by what is de- 
monſtrated by Dr. Wallis in his Arithmetick of Infinites. 
And conſequently the indeterminable or indefinitely 
extended Area CD TS will be equal to the Rectan- 
gle CB; and in like manner indefinitely ex- 
tended Area GA TS will be equal to the Rectan- 
gle GB. The Exceſs therefore, whereby the Area 
CDTS exceeds the Area GATS, will be equal to 
the Exceſs, whereby the Parallelogram CB exceeds 
the Parallelogram G B. Let us therefore inveſtigate 
the Difference of theſe Rectangles: Since by Hypo- 
theſis A D is 60 Inches, and BD 3, AB will be 63 
Inches; and let AG be Unity, and fince it is as 
DB g t AB? ſo AG to C P, that is, er 

CD will be 441 ſuch Parts, whereof A G is * 
therefore C Dx DB, or the Rectangle CB wil be 
to the R BG, as 1323 to 63; and fa the 
Difference of the Rectangles, that is, the Area 
GHDC will be 1260 ſuch Parts, whereof the 
Rectangle A H is 60. And therefore the Number 
of Particles proceeding from the 4 444 fetida, whoſe 
Denſities decreaſe in a duplicate Ratio of the in- 
creaſed Diſtances, and contained within a Sphere 
whoſe Diameter is five _— is to their Number, (if 
their Denfity was couy "oP equal to what it is 
at the Diſtance of five 2 to 603 that is, 
as 21 to 1. If therefore Fu above-diſcovered Num- 
ber 57839616 be multiplied by 21, the Product will 
give the Number of Particles proceeding from the 
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will exhibite the true Magnitude of each Particle in 
this ſecond Caſe. 

=. LL theſe things follow from hence, that we 

ſuppoſe a Man able to ſmell Aſa fetida at the diſtance 

five feet; but there are other Animals, whoſe 
Senſe of ſmelling fargexceeds that of a Man, as 
Hounds, who perceive the Effluvia of wild Beaſts 
remaining on the ground, a great while after the 
Beaſt has left the place; and ſome Birds, that get the 
Scent of Gun. powder at a great diſtance. The Sub- 
tility of theſe Effluvia muſt certainly be much greater 
than that, which we have diſcovered by the fore- 
going Calculation; but for want of Experiments we 
cannot eaſily reduce it to numbers. 

T n x Philoſophers, that they may ſtill farther ſhew 
the Subtility of Matter, produce the Example of 
thoſe Animalcula, that are obſerved floating in various 
Liquors, and the Seed of Animals; theſe indeed 
are ſo ſmall in ſome Fluids, that they appear like 
Points, through Microſcopes that magnify the Ob- 
ett very much. And that curious Obſerver of Na- 
ture, Mr. Lewenboect has diſcovered more Animal- 
cules in the Milt of one Cod, even than there are 
Men at preſent living on the face of the Earth. But 
tet us diſcover . of theſe Animalcules: 
towards which, we ſhall borrow from Opticks what 
follow. Firſt, the Image of any Object ap un- 
der the fame Angle, at the Vertex of Emerſion of the 
Lens, as the Object itſelf appears under at the Vertex 
of Incidence; this is demonſtrated by Dr. Gregory, in 
the 18th Propoſition of his Elements of Dioptricks. Se- 


condly, it is found by experience, chat thoſe Oer 
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that appear as Points, that is, whoſe Parts the Sight 
is not able to diſtinguiſh, are ſeen. under an A 
not exceeding a Minute. Thirdly, it is certain 
frequent Obſervation, that moſt of thoſe Animalcules 
are of fo ſmall a Magnitude, that they appear thro? 
a Lens, whoſe focal Diſtance is the tenth part of an 
Inch, as ſo many Points; that is, their Parts cannot 
be diſtinguiſhed; and therefore they appear from the 
Vertex of that Lens, under an Angle not exceedi 
a Minute. We are now to inveſtigate the Magnitude 
of an Ogject that appears under a given Angle at a 
on Diſtance : In the preſent 

e, let C be the Vertex of 
the Lens, A B the Length of 
the Animalcule, B C its diſtance o 
from the Lens equal to is of an 
Inch, and the Angle B C A under 
which it is ſeen at that Diſtance equal to one Mi- 
nute: from B C and the Angle B CA being given, we 
are to find A B the Length of the Object. Now in 
the rectangular Triangle ABC, there being given 
(beſides the right Angle at BY the Angle BCA 
one Minute, and the Side BC equal to the tenth 


part of an Inch, by Trigonometry the Side A B will 
be found nearly equal to ge of an Inch. If there- 


fare theſe Animalcules were we the attic Fies re, that 
is, of the ſame Length, Breadth and Thickneſs, 
a 


of the Fraction. — z that is, by the Number 
= Tg is, 0 ſo many parts of an 
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Inch is each Animalcule equal. 


Hence, what ſome Philoſophers hava-dreamed * 
33 is true of theſe Animalculcs, via. 
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that many thouſand of them may dance on the Point 
of a ſmall Needle. 

HEN Or alſo we may gather, how vaſt the Di- 
ſtance is betwixt the ſmalleſt floating Animals and the 
largeſt fort, how little Proportion the firſt have to the 
huge Whales, that appear in the Ocean like Moun- 
tains, as oft as they raiſe their Heads above the Wa- 
ter. For there are in ſome Liquors Animalcules ſo 
ſmall, as upon a Calculation, the whole Magnitude 
of the Earth is not large enough to be a third pro- 
portional to thoſe minute floating Animals ahd the 
vaſt Whales of the Ocean; ſo that the Earth itſelf, 
however big it ſeems, is found to bear a leſs pro- 
portion to theſe large Fiſhes, than they do to thoſe 
leſſer ones, that are beheld through a Microſcope, 
floating in the Seed of Animals. 

S1NCE every Animalcule is an organized Body, 
let us alittle conſider, how delicate and ſubtile — 
the Parts to be, that are neceſſary to conſtitute it, and 
to preſerve its vital Actions. Certainly it ĩs not eaſy to 
conceive, how it is poſſible there ſhould be contained 
in ſo narrow a compaſs, the Heart that is the Fountain 
of its Life, the Muſcles neceſſary to its Motions, the 
Glands for the Secretion of its Fluids, the Stomach 
and Bowels to digeſt its Food, and other innumerable 
Members, without which it is impoſſible an Animal 
ſhould ſubſiſt. But ſince every one of theſe Members 
is alſo an organical Body, they muſt have likewiſe Parts 
neceſſary to their Actions. For they conſiſt of Fibres, 
Mexobranes, Coats, 'Veins, Arteries, Nerves, and an 
almoſt infinite Number of fine Tubes like to theſe, 
whoſe Smallneſs ſeems to exceed the very Force of 
the Imagination, But there are ſome Parts that 


ought to be almoſt infinitely leſs than theſe, as the 
Flaids that flow along theſe fine Tubes: and ſuch 
are the Blood, Lymph, and Animal Spirits, whole 


oo 


Subtiliry even in large Animals i is incredible, 
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L T us then conſider the moſt groſs Parts of the 
ood in theſe Animalcules, to wit, the Globules that 
ſwim in the Blood, and let us endeavour to reduce 
their Magnitude to a Calculation. 

Towa & ns theeffedting of which, we ſhall make 
uſe of the following Hypotheſis ; viz. That the fimi- 
lar ſolid Parts of of diffrent Animals, that is, the ſi- 
milar corporeal Particles, or the Parts conliſting of 
three Dimenſions, are as the Magnitudes of the re- 
ſpective Animals. Whence it follows, that the fimi- 
lar linear Dimenſions of different Animals, are in a 
ſubtriplicate Ratio of the M es of the Ani- 
mals; that is, as the cubick Roots of theſe Ani- 
mals: as, for example, the Heart of a Man is to the 
Heart of any Animalcule ſeen a Mi 
= the Body of that Man is to the of the Ani- 
malcule; and therefore, if the Hearts of both are 
fimilar Bodies, the Diameter of the one will be to the 
Diameter of the other, as the cubick Root of the 
Magnitude of one, to the cubick Root of the other's 
Magnitude. So likewiſe the ſmalleſt Blood-Veſſels 
in a Man, are to the like ſmalleſt Veil in an Aad- 
malcule, as the Magnitude of the Man to the M 
nitude 'of that Animalcule; and the Diameter 
capillary Veſſel in the Body of a Man, 9 
ameter of the like Capillary Veſſel in the Body of an 
Animalcule, as the cubick Root of the Magnitude 
of the Man to the cubick Root of the Magnitude of 


the Animalcule. 
LzT us now ſi the mean Magnitude of a 
5184 3 as 


Man to be three cubick Feet, or 
gnitude of a middle · ſized Man, or 


therefore the M 
5184 cubick — is to the 2 of the Ani- 


malcule, found out above, viz. 2 


1 000 000 ©0O oO OCO 


Parts of a cubick Inch, ſo are the capillary Veſſels 
Aa, human Body to the like capillary On 4 
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Animalcule; and as the cubick Root of the Mag- 
nitude of a Man, or the cubick Root of the Num- 
ber 5184 to the cubick Root of the Magnitude of 
an Animal, or to the cubick Root of the Number 


I 58858858659 888 that is, nearly as 17 to — ſo 


is the Diameter of a capillary Veſſel in a human 
Body to the Diameter of a capillary Veſſel in an 
Animalcule. But Mr. Lewenboeck has by the help of 
a Microſcope diſcovered Veſſels in a human Body fo 
ſmall, that if the Diameter of a Grain of Sand be 
ſuppoſed equal to 7s of an Inch, it will contain 2640 
Diameters of the Veſſels which he found out in the 
Body of a Man; and therefore the Diameter of one 


of theſe ſmall Veſſels will be equal to 2875 & 3g. of an 
Inch, that is, equal to —— Parts of an Inch. 


| 200 
And although it is certain theſe Veſſels were not the 
leaſt of all that are in a human Body, for that there 
muſt be others much leſs than theſe, is eaſy to be 
ſhewn; but however we ſhall ſuppoſe theſe to be the 


leaſt of all. Let it be therefare as 17 to — 
= to another Number; which Number will ex- 


preſs in the parts of an Inch, the Diameter of the 
imalleſt Veſſel in an Animalcule: which working 
by the Rule of Three, is found to be 5 


134 040 000000, 


this Fraftion reduced to a Decimal, will be nearly 
or in round Numbers) : 


1 ©00 oOo OOO ©00 100 000 000000, 

But fince it is neceſſary that the Diameter of the 

Globule, or the fluid Particle, that is contained in an 

Veſſel, be not greater than the Diameter of that Vei- 

fel; the Diameter of a Globule of Blood that flows 
2 
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throygh theſe ſmalleſt Veſſels, will not be greater 
than - Parts of an Inch. And therefore 


100 OOO OOO OOO 


the Solidity or Magnitude of theſe Globules will be 
leſs than the Cube of that Diameter, that is, leſs 
I 


* Parts of 


1 000 QCO OOO OOO o 000 000 oO POO Oοο GLO 
a cubick Inch: that is, the itude of a Globule 
is leſs than that part of a cubick Inch, which is ex- 
preſſed by a Fraction, whoſe Numerator is eight, but 
its Denominator a Number conſiſting of a Unit with 
thirty and three Cyphers after it. 

Six er the Fract ion, that expreſſes the Magni- 
tude of theſe Globules, conſiſts of ſo many Cyphers, 
that their true Quantity cannot thence be readily con- 
ceived; we ſhall proceed . farther, and compare theſe 
Globules with fuch other ſmall Bodies as are viſible 
to the naked Eye, viz. with the ſmalleſt Grains of 
Sand, ſuch, for example, as their Diameters do not 
exceed the hundredth part of an inch: and ' laſtly, 
we ſhall compare theſe ſmall Grains of Sand with 
other great Bodies of the Earth, as, for example, 
huge Mountains; that we may perceive what pro- 
portion they bear to one another: and ſo we ſhall 
the more eaſily comprehend the Smallneſs of Particles. 
But why do I make uſe of this word? fince I ſhould 
rather ſay, by this Compariſon their Subtility will 
appear incomprehenſible. For it may be gathered 
from thence, that Ten thouſand two hundred and 
fifty ſix of the higheſt Mountains in the whole 
Earth do not contain as many Grains of Sand, as 
one Grain of Sand can of the Blood-Globules of 
theſe Animalcules. It is no wonder, if you here 
ſtand amazed, and being ſtruck with ſo prodigious a 
thing, ſhould call in queſtion the infinite Diviſibility 


of Matter, although it is ſupported by uncontroul- 
. able Demonſtrations. But however incredible this 


Fa 


60 


| 
| 


aac nach 


h * 

0 An Introdi&ion to 
Aſſertion may appear at firſt ſight, we ſhall notwith- 
ſtanding i Ay it from eaſy and evident Principles. 

T n a T our Calculation may the eaſier, 
we Hall No the tenth part of a Foot an Inch, and 
ſuppoſe that if an hundred Grains of Sand were 
placed one by another, they would occupy the Space 
of an Inch in length; or, which is the fame thing, 
let a thouſand contiguous Grains of Sand be fi — 
to be extended through the Length of one 
there will therefore be in one cubick Inch 1 * 
Grains of Sand, and in a cubick Foot there will be 
1 000000000 Grains. Let a Mile or 1000 Paces be 
equal to 5000 Feet, there will be then 125 000 000 000 
cubick Feet in a cubick Mile: ſo that the Number 
of Grains of Sand, that can be contained in a cubick 
Mile, will be 125 000 000 000 000 000 000, 

Now that we may have the Dimenſions of the 
Mountains, we will make choice of the higheſt, 
as it is ſuppoſed, of the whole Earth, viz. that 
which is in the Iſland of Teneriff, and Called E! Pico 
de Terrario, whoſe ndicular Altitude is vul- 
garly eſteemed three Halian Miles. We will ſup- 
poſe the Figure of this Mountain to be a Cone, and 
is Circumference at the Baſe to be five and thirty 
Miles, the Area of the Baſe will be about 97,5 
Miles; for as 314 to 100, that is, as the Circum- 
ference of a Circle to its Diameter, fo is 35 to 11,14 
the Diameter or Thickneſs of the Mountain at its 
Baſe; 27,85 the fourc of which being multiplied 


by the Circumference 35, gives the Area of the 
Baſe, viz. 97,5 ſquare Miles. Since therefore the 
Mountain is, if 
its Baſe be multiplied 1 


the Product will gi 
tain; and the hea part of the Height is, by Sup- 
equal to one Mile, which e of E 


. 
ber 97,5, the Product or Solidity 


4s | 
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Mountain will be equal to 97,5 cubick Miles: 
which Number, if it be again multiplied by 
rr 
12187 500 000 000 ©00 000 000, will exhibite the 
Number of Grains of Sand, of which the Mountain 
of = Iſland 7 =—_ be compoſed. 

HESE being found out, let us ſee how many 
Blood-Globules may be contained in one Grain of 
Sand. From what has been ſhewn before, the 
Magnitude * Globule is leſs than the 


668680850 050 000 688688 580600 6888 Parts of an 


Inch; and the Magnitude of a Grain of Sand is 
equal to the - Part of an Inch: fo that if the 


1000 COO 
latter Number is divided by the former, the Quo- 
tient 1.229 209 000 000 000 200 00n . 0 G00 000 o 


8 000 OOO 
I ©0O oo oo OOO OOO Oo Oo OOo OCO > 
z that is, 


8 
125 000 000 000 000 000 000 ooo ooo Is leſs than the 
Number of Blood -Globules that may be contained 
within the Magnitude of a Grain of Sand: but this 
Number 125 000 000 000 000 000 oc 000 000 divi- 
ded by x2 187 500 000 000 000 000 000, the Number 
of Sands that may be contained in the Mountain of 
the Iſland Teneriff, the Quotient will be greater than 
the Number 10256. So that one Grain of Sand may 
contain ten thouſand two hundred and fifty fix times 
more Blood-Globules in it, than the higheſt Moun- 
tain of the whole Earth does Grains of Sand; or, 
which is the ſame thing, ten thouſand two hundred 
and fix Mountains, cach of which ſhall be equal 
to the higheſt Mountain on the whole Earth, cannot 
contain in them as many Grains of Sand, as one 
Grain of Sand may contain in itſelf of ſanguineous 
Particles of Animalcules, that are . 
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ſeen floating in ſome Fluids: which was to be ſhewn. 
Since therefore theſe Globules are of ſo ſmall a Mag- 
nitude, what muſt we think of the Particles compo- 
fing the Fluid in which the Globules are carried, and 
of the Subtility of the Animal Spirits? This, no 
doubt, is ſo great, as to exceed all Calculation, and 
even the Force of the Imagination. 

T AIS Subtility of Nature is wonderful beyond 
meaſure; but there are other Particles of Matter 
ſtill more ſubtile than theſe, to which if the above- 
mentioned Globules were compared, they would not 
only appear as Mountains, but as vaſt Earths. I 
mean the Particles of Light, which are darted all 
around from the lucid Body, with an inexpreſſible Ce- 
lerity, whoſe Subtility the human Mind will perha 
be never, unleſs when it ſhall be mace perfect in 
Heavens, able thoroughly to com That it is 
immenſe, may hence be ga „ that the Light of 
the ſmalleſt Candle, in a time altogether inſenſible, 
and without any diſcernible Diminution of the Candle, 
may be perceived by the Eye, at the diſtance of two 
Miles; whence it is neceſſary, that in every aſſigna- 
ble Part of the Sphere of Activity of that Candle, 
the Diameter of which Sphere is greater than four 
Miles, and in every aſſignable Portion of Time, 
there are ſome Particles of that Light, which enter, 
or are ready to enter the Eye; which will be dif- 
ferent in different Parts of Time. And from this inef- 
fable Subtility of Light it is, that the Sun, although 
from the Beginning of its Creation, it has continually 
emitted Light, and that with great Swiftneſs; yet in 
all that time has not loſt any thing ſenſible of its 
Magnitude, notwithſtanding it daily, tho* inconſide- 
rably, . decreaſes in ity : whence, tho? after fix 
thouſand Years, its Diminution is not yet become 


remarkable, notwithſtanding after a finite Series of 
Years, altho* a very protracted one, it will be wholly 
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diſſipated. | Whence it follows, that this World can 
neither exiſt ro Eternity, nor could it have exiſted 
from Eternity. 


From the Demonſtration of the infinite Diviſibility of 


Matter are derived the following Theorems, relating 
to its Rarity, and the Tenuity of its Compoſition. 
LEMM A. 
Anyv ity of Matter being given, of it, or 
any part of it, a concave Sphere may be formed, 
whoſe Semidiameter ſhall be equal to any given right 


Line. 


Lr the Particle of Matter be 4, and the given 
right Line be 3. The Ratio of the Circumference 
of a Circle to its Radius let be as ptor. Let the 


Semidiameter of the Concavity be called x, the 
Thickneſs of the Shell encompaſſing the Spherical 
Concavity, will be 5 — x, and the Cylinder circum- 
ſcribed about the Spheres whoſe Radius is 5, will be 


* whence the Sphere inſcribed within the Cylin. 


der will be 8 by che ſame reaſon, the Sphere 


whoſe Radius is x, will be — 2 | whoſe Difference 


2 
=D is to be made equal to the ſpherical Shell, 


or given Particle of Matter: that is, it will be 


— 2 $o that the Thicknefs 


27 


— . 
of the Spherical Shell, or þ— x, will be 23 


_ 
"4 
# = 


By 
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By the ſame reaſon may be made of a given Quanti ] 
n concave Cyiinders, or panty 

2 s of any other figure whatſoever, whoſe Sides ſhall 

be equal to a given right Line. 

The Firſt THEOREM. 

Given any Quantity of Matter, however ſmall, and 

den any finite Spac 


e, however large ; which, for ex- 
ample, let be a Cube, that ſhall circumſcribe the Orb of 
Saturn: it is poſſible that the Matter of that Grain of 
Sand may be diffuſed through all that Space, and ſo fill 

it. that there ſhall be in it no Pore, whoſe Diameter 
will exceed a given right Line. 

Lr there be a given 
Cube Space, whoſe Side 
| let be the right Line A B, 

ual to the Diameter 

t Saturn's Orbit; and 

Bag _ A Particle of 

| » Whoſe Quantity 

let be , and let the gi- 
ven right Line (greater 
| than which the Diameter 

B of the Pores ought not to 

be) be D. Let the right 

Line AB be conceived to be divided into Parts equal 

to the right Line D, whoſe Number will be finite, 


when neither the right Line AB is ſuppoſed infi- 
nitely great, nor the right Line D infinitely ſmall. 
Let the Number be u, that is, let B, fo 
that it will be * Ds equal right 
are 

Number of the Cubes 

will be repreſented in 

Spaces E, F, G, H. Again, let 


* the 


"4 * 
| nada. 
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the Particle & be to be divided into Parts, 
whoſe Number let be , and in each cubick Space 
let be placed one of thoſe Particles 3 and by this 
means the Matter & will be diffuſed through all char 
Space. Beſides, each Particle of the Matter & be- 
ing placed, as it were, in its Cell, may be formed 
into a concave Sphere, whoſe — may be equal 
to the given right Line D; whence it will follow, 
dd will touch that which is next to it; 
and the given Particle of Matter, however ſmall þ?, 
will fo the Space, that there will be no 


right Line D. 2, E. D. 
Cor. THERE may be a given Body, whoſe Matter 
if ir be reduced into a Space abſolutely full, that 


— any given Part of the former Magni- 


The Second THEOREM. 


Tus xn may be two Bodies equal in Bulk, whoſe Quan- 
tities of Matter may be very unequal, and tho* they bave 
am given Ratio to one another, yet the Sumsof the Pores 
es in the Bodies, may almoſt appreach to 


or empty Spac 
* = 1 of Equality. Or, in the Carteſian Stile; All 


2 
that is oc 


ores of one Body, may be almoſt equal to the Space 

by the like Matter within another Bedy; 
altbough the — 4 Matter of one Body exceeds ten thou- 
ſand or an hundred thouſand times the proper Matter of 
the other Body, and the Bodies may be equal in Bulk. 


Le T there be, for example, es tus uf 
Gold, and a cubick Inch of Air not condenſed. It 
is certain the Quantity of Matter in the Gold will ex- 
ceed thouſand times the Matter of Air; yet 


lolutely empty, or wars with a ſubtile Matter, 


ſhall - 


given 
Pore in it, whoſe Diameter will exceed the given 


e, buy is 274 a by a ſubtile Matter within. 


twenty 
it may be, that the Spaces in the Gold, either ab- 
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ſhall be almoſt equal to the 8 in the Air, either 
empty, or replete only with T ſubtile Matter. 


Lz r A and B be two 


— 


A B 


| 


1— 


Body B, whence the Body A vill exceed 
B in Quantity of Matter ten thouſand times. 
us now ſuppoſe the Quantity of Matter in A to 
reduced into a Space abſolutely full, which let 
the hundred thouſandth part of a cubick Inch; 
. ible from the llary of the precedent 

Whence ſince the Matter in A exceeds 
the Matter in B ten thouſand times, that Matter in 
B, if it be reduced into a Space abſolutely full, 


will poſſeſs only the —— Part of a cubick 


1 ©OO OCO 000 
Inch; fo that the reſt of the Parts 999 999 999 will 
with ſome 
A- 


be either abſolutely empty, or replete 
ſubtile Matter, ſuch as the Carteftans ſappole. 
gain, ſince ne rnd ty of Matter in A only fills 
the hundred th Part of an Inch, there will 
be in the Body A 99999 hundred thouſand Parts, 
either empty o 8 with a ſubtile Matter; that 
is, by — 2 the Fraction to the Denominator of 
388 Fraction, there will be in A 999 990 000 
empty Parts. And therefore the Vacuities in A will 
be to the Vacuities in B, as the Number 999 990 oO 
to the Number 999 999 999 z which Numbers we 
almoſt to one another in rn 
their Difference mal ab yp a P 
Numbers themſelves. And therefore the 2 
Spaces, or thoſe only replete with a ſubtile Matter, 


which are in the two Bodies A and B, obtaining to 
one 
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bne another the ſame Ratio as thoſe Numbers, are 
alſo almoſt in a Ratio of Equality. Q. E. D. 
Bor that all Bodies are very rare, that is, con- 
tain but a very ſmall tity of Matter in reſpect 
to their Bulk, is moſt certain from the Properties of 
diaphanous Bodies; for the rn oe Light wichin Glaſs 
or Water are diffuſed in right Lines, as well as in 
Air; whatever Side of the — Body is ex- 
to the Light: And therefore from any the 
aſſignable Part of the diaphanous Body, to any 
other Part of it, there is always extended in theſe 
Bodies a rectilinear Pore, through which the Light 
may paſs; and this cannot be, unleſs the Matter of 
hy aphancris Body obtains bue a very little Propor- 
tion to its Bulk ; and prongs can Qaanzey ef tie 
ter in Glaſs has not a greater proportion to its Mag- 
nitude, than a Grain of Sand to the whole Bulk of 
the Globe of the Earth: but that this is not impol- - 
ſible, we have ſhewn above. Whence, ſince Gold 
is not eight times denſer than Glaſs ; its Matter alto, 


to its proper Bulle, bears but a very ſmall propor- 
tion. 

Hzxcz may be gathered the Reaſon why the 
magnetick E nervede with the foe facitiry bach 
denſe Gold and the more rare Air. 


From theſe Propoſitions likewiſe, and from the 


not mutuall 
is contin ag oP foe which can ſcarce be ex- 
l the Motion or Impulſe of a Fluid, con- 
ituting a Plenum: for any Body 1 8 
2 at the ſame 22 in different Directions, will 
receive only one, 535 —— com- 


bees of them all. 
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LECTURE VI. 
Of Motion, Place, and Time. 


IN CE we have hitherto ſufficiently treated 
of the Solidity, Extenſion, Diviſibility and 
Subtility of Bodies ; wenow come to 


endued with: by the mediation whereof, Nature diſ- 
covers herſelf afting in that Variety of Things, which 
ought not to be beheld without Wonder and Aſto- 
niſhment ; and without which, all the Ornament 
and Beauty of the World would periſh, and a horrid 
Darkneſs __ 8 would 
every thing. is depend the Viciſſitudes of Days 
and Nights, and the fo great Variety of Cold and 
Heat, Snow, Rain, and Sun-ſhine ing cach 
other, and all the Seaſons of the Year, By Motion 
Plants grow, Trees are nouriſhed, and Animals live ; 
ſince Life itſelf conſiſts only in Motion, that is, the 
Circulation of the Blood. But why do I ſpend time 
in enumerating Particulars ? ſince all things owe their 
Birth to Motion. | 

Tax Science therefore of Motion is fo 
to philoſophize aright, that not the leaſt Operation 
of Nature can be inveſti without it, Hence the 
famous and moſt true Saying of the Philoſopher, 
| Avalaio dyveeptoms Gauri; xaos ayweicdas x, Th Oden, 

Motion being unknown, Nature muſt of neceſſity be 
ſo likewiſe. 

Taz Philoſophers, or rather the Metaphyſicians, 
have had various Diſputes concerning the 


Cauſes, and Commurication of Motion; and — 


Motion, the nobleſt Affection that Body is 
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not yet overtaken the Tortoiſe: And again whilſt 
Achilles paſſes over that hundredth part of a Mile, the 
Tortoiſe in the mean while will have creeped through 
the ten thouſandth part of a Mile; inſomuch that 
neither has Achilles yet overtaken the Tortoiſe. After 
the ſame manner, whilſt Achilles runs that ten thou» 4 
ſandth part of a Mile, the Tortoiſe will have advanced l 
forward the million part of à Mile; ſo that Acbilles 


diſtance betwixt Achilles and the Tortoiſe. 
THr1s is the famous Argument of Zeno; to an- 
ſwer which, ſome have wrote whole Treatiſes; but 
we ſhall eafily diſſolve the Knot, by ſaying, Thas, a 
Mile, together with the hundredth part of 2 * Mile 
together with the ten thotiſandth 
with the raillion part of a Mile, 
tum, will be equal to a finite tity. _ 
demonſtrated by the Arithmeticians, that ＋ 
any Series of Quantities decreaſing in any Geome- 
trical n ern will be equal to a 
finite Quantity; but the 108 Part of a Mile, toge- 


—_— 


part, and ſo on in infinitum, is a Series of 

tities in Geometrical a _ 
RN OR CE nnd to a | 
— ntity, be run over by a Body moving Eh: # 
wh + given Velocky, in a finite time. For let us of 
ſuppoſe Achilles in the . «—he Ae Hour to run a | 
Mile, and therefore he will paſs over the hundredth 
part of a Mile in the hundredth part of an Hour, | 
and the ten thouſandth part of a Mile in the ten 
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| ſindth part of an Hour, together with the million 
| part of an Hour, + ————, Cc. in infinitum if 
I fay, the Sum of this Series continued in infinitum 
is equal to an infinite Space of Time, it is certain 
| Achilles would never overtake the Tortoiſe in any 
| finite time: but ſince, as we faid before, the 


c. Parts of an Hour, is 


100 ＋ 70 000 * 1 000 000 
| a Series of Quantities decreaſing in Geometrical Pro- 
| | portion in infinitum ; its Sum will be equal to a finite 
| 


Quantity, viz. the ninety-ninth of an Hour, 

as might be eaſily Pos — Tag within that 
Space of Time, all the Particles of Time, however 4 
infinite in Number, will be paſſed by. We 
therefore, that Achilles will overtake the Tortoiſe, af- 
ter one Hour, and all t..oſe Particles of Time con- 

| tained in the foregoing Series, and which are infinite 

| in Number, are expired ; that is, he will arrive at the 

| Tortoiſe, after one Hour and the ninety-ninth Part of 
an Hour: And fo the Force of this Argument is 
deſtroyed, tho? its Patrons have fo often boaſted of it 
as unanſwerable. ; 

TAIS Argument is alſo wont to be brought a- 
gainſt Motion: Let B and C he two contiguous 
oints, and the Body A be moved from Bto C, in 

[8 an Inſtant D: when A is moved, it is ſuppoſed to be 
4 in B, and therefore in that Inſtant it cannot arrive at 
C, namely, becauſe it is ſed to be in B; and 
it cannot be in both in the ſame Inſtant, becauſe no- 
thing can be at once in two that is, in the 
ſame Inſtant 1 the Inſtant in which 

| o | it 


72 An Introduction (o 
3 * 1 B 3 XI 
to be in B; x ing to 
— of this Argument, it will never come 
to C. a 

Ir is eaſy to anſwer to this Argument, by ſaying 
that at the Beginning of the Inſtant D, indeed H is 
in the Point B, but at the end of it, in C; for that 
Time wherein any finite Motion is performed, muſt 
have a beginning and an end. 

Bu r beſides, in this Argument there are not a few 
things aſſumed, which are falſe and impoſſible: as, for 
example, when two Points are ſuppoſed contiguous. 
If by a Point is meant an indiviſible Part, or the leaſt 
Quantity, we have before demonſtrated, that there 
are not yy _ z and 2 1. ul 4 the Ar- 
gument reſts on this H heſis, it wi impoſ- 
ſible it ſhould have any Wow on the human Mind, 
againſt the Exiſtence of Motion. But if by Points 
are meant mathematical Points, ſuch, for example, 
as are the Terminations, Interſections and Contacts 
of Lines, theſe indeed we acknowledge as poſlible, 
however it is impoſſible that any thing ſhould move 
in them : for whatever moves, it muſt move through 
a Space; but a mathematical Point contiguous to 
another Point, cannot make a Space, but a Point 
on'y. For as in Arithmetick a thouſand Cyphers, 
or Nothing taken a thouſand times, ſtill is equiva- 
lent to Nothing; ſo in Geometry a thouſand Points, 
or indeed an infinite Number of them together, do 
not compoſe a Quantity, but are equivalent to a 
Point, or no Quantity, Whence, fince twp conti- 
guous Points are but equal to a Point, I readily grant 
that Motion cannot be through them : but nothing 
abſurd follows from thence, tor Motion through a 
Space is not taken away, but Motion through a 
Point; and it would be abſurd indeed to grant ſuch 
s Motion to be. W "mM | 
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Wnar we have ſaid of Points, the ſame may be 
accommodated to Inftants or Moments of Time, by 
ſhewing that as all Magnitudes, fo likewiſe Time is 
diviſible in infinitum; ſo that there is no Particle of 
Time that can he properly called an Inſtant or Point 
of Time: as no Part of a Line coincides with a Geo- 
metrical Point, and as infinite Points do not compoſe 
a Line, but a Point, fo likewiſe infinite Moments, or 
Points of Time, are equal to no Time. An Interval 
indeed of Time betwixt different Moments, may be 
: to a given Time, but the Moments themſelves 
will be equa n 


ed of Moments, but of which are alſo Times, 
nor is Motion performed in an Inſtant, but in Time. 


Bur leaving theſe Trifles, we return to our De- 
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referred to other Bodies, - and determined by their 
Diſtances from, . and Poſitions to, other Bodies : 
for example, lex us ſup poſe any one to fit in the Cor- 
ner of ſome Houſe ; ; place wil be defined by the 
Diſtance, Reſpect, and Poſition, that he has to other 
Corners, Walls, and ſurrounding Bodies, that are 
looked upon as immoveable: and as u be keeps 
the ſame Diſtance and Situation from theſe Bodies, 
fo long is he ſuppoſed 48 
So likewiſe if any one ſits in a Ship, whether the 
Ship moves or nat, as long as he keeps at the ſame 
Diener from. all che Parts of the Ship, which are 
looked upon as being at reſt, and his Poſition to them 
I m— ſame, his relative Place will alſo re- 


main the ſame. 
Wuar we have ſaid of Place, may be in like 


manner, applied to Space ; for that may be diftin- 
guiſhed into abſolute and relative. We call that ab- 
which of its own nature, and without rela- 
to any thing beſides, always remains ſimilar and 
But that js relative which is referred to 
Bodies, by which. it is determined and mea- 
z whoſe Parts, to wit, always keep the fame 
Poſition and Situation to thoſe Bodies, and whoſe 
(viz. Bodies) always remains 


. Space is always the ſame with abſo. 
« and Figure, but however it 
1 char it ſhould be always numerically 
the any ws for if we ſuppoſe the Ship * 
abſolute * contained within the Cavity 
will be 1 in different Places but 
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, neither will its — 


proceed in 


whence it ought to 


be diſt: 


Time is a 


extended, and in its own nature moſt 
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tion by the moſt ſimple 
firſt place, ſeem to be right 
which and Time there is'a certain For all 
the Parts as well of Time as of right Lines and Circles, 
are every where ſimilar and uniform; and as a Line 
is generated by the Motion or Flux of a Point, whoſe 
= depends on one Length determinated by 
otion ; ſo likewiſe Time may in ſome meaſure be 
e 

ding along, whoſe Quantity flows from one $1 


as it were ſtretched out in 


77 
itudes : ſuch, in the 
and Circles, with 


Bu T it muſt be obſerved, that we aiiderſinad by 
K Nr chat Space of Time wherein Motion 
ſo that when we treat of philoſophical 

Matters and of Motion, it (viz. Time) may be fitly 
defined with Ariſtotle, Menſura Motus ſecundum prius 
& poſterius ; that is, tbe Meaſure of Motion according 
to what is and what is to come : not indeed as con- 
the abſolute Nature of Time, but that Con- 
nection which Motion has with it; namely, as no 
N be 1 r 


Motion, but n ſucceſſively, 
and according to — Flux which Motion 
therefore 2 with te Quadey of Time, 


6— ann 


Definitions. 


OTION is @ continual and ſutceſtve 
_ Change of Place. | 
ection of Mo- 


IT. CzizriTyY is an Aﬀe 
| tion, whereby @ Body in Motion paſſes 
| over a given Space in @ given Time. 
III. Bur Nef is the Permanence of any Body in the 
ſame Place. | | 


Hzuc it follows, that Reſt, Motion, and Ce- 
lerity are twofold, according to the double Diſtinc- 


IV. AzsoLuTe Motion is the Chang? of abſolute Place, 
and its Celerity is meaſured by abſolute Space. 

V. AnsoLuTz Ref is the Permanence of 4 Body 
the ſame abſolute Place. | 

VI. ReLative Motion is the Change of relative 

Place, whoſe Celerity is meaſured by relative Space. 

VII. Bu r relative Reſt is the Permanence of a Body in 
the ſame relative Place. 


Fon theſe it follows, Firſt, That a Perſd may 
relatively be at reſt, who yet, in reſpect to abſolute 
Space, may truly and abſolutely be in motion : As, 
for example, if any one ſhould be ſeated in a Ship, 
fince he the ſame relative Place, and retains 
the ſame Situation and Diſtance in reſpect to the other 
Parts of the Ship, which are looked upon as quieſ- 
cent, he is relatively at reſt; though in the mean 


= ® 


— — 


6 when the Spectator turns his Eyes towards 
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while he is carried b by the ſame Motion, with the ſame 
Celerity e to the ſame Courſe, as the 
Ship Tir the Winds ; in which caſe, all the 
Parts of the Ship? keeping the ſame Situation 
themſelves, will appear to the Spectator placed 
within the Ship, as if they were at reft : on the 
contrary, whilſt the Ship is in motion, the Shore and 
other circumyacent Bodies out of the Ship, will ap- 
pear to a Spectator in the Ship, to be moved with 
the ſame Celerity, but towards contrary Parts, as the 
Ship, or it will recede from them. The Reaſon of 
this Appearance may be eaſily ſhewn from Opricks : 
for thoſe Bodies ſeem to be at reſt, which keep always 
the ſame Poſitions and Diſtances in reſpe& to the Eye 
itſelf; but thoſe Bodies which we ſee to be moved, 
we find them change their Diſtance and Poſitions in 
reſpect to our Eyes. But we will conſider this matter 
a little farther. 

Sin cz Opticks teach us, that every Body, which 
is viſible, has, 


of the Eye, or Retina; it r 


jects will to be moved, whoſe Images are moved 
on the Retina; that is, which paſs over ſucceſſively 
the different Parts of the Retina, whilſt the Eye is 

fup to be at reſt : hut thoſe Objects will be 
upon as being at reſt, whoſe Images always 
occupy the ſame part of the Retina, that is, when 
the Motion of thoſe Images are not perceived in the 
bottom of the Eye. And hence it is, that they who 
are ſeated in a Ship, do not T* the Motion of 
the Ship : for all the Parts of the Ship being rela- 
tively at reſt among themſelves, keeping the ſame 
Poſition and Diſtance in reſpect to the Eye, will 
have their Images always painted on the fame Parts 
of the Retina ; therefore their Motion will not be 
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let us return to Example of a Ship : If the Ship 
is carried in any Direction whatever, as, for example, 
towards the Eaſt z and any one fitting in the Prow, 
ſhould caſt a Stone towards the Weſt, with the ſame 
Velocity as the Ship itſelf has towards the Eaſt ; 
the Stone in this caſe would ſeem to the Spectator 
within the Ship, to be moved towards the Weſt, and 
I ity would be equal to the abſolute 

p itſelf: yet in truth Stone 
pace, abſtracting 


Y a l 
Perſon to be placed out of the Ship 
Air, he would behold 


ng 
eſt : for the Force im- 
Caſter, does 
deſtroy the equal Force of Motion, that was 


2 
8 
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ö wo nas Bip moving in 4 con- 
trary Direction; any Body or Space being in 
motion, hkewiſe all Bodies or Particles of Bodies re- 


— within that Body or Spate, will be 
with the fame Celerity, and in the fame Di 


rection. 
Bor ſome object, That the Stone thrown 
from the Hand of the Caſter, lights on the Poup, 


it a Blow: and ſince the Stone ftrikes againſt | 
itſelf, it cannot but be moved. I anſwer, 


the Pop 


| Jes true indeed that thoſ&who are within the Ship 


behold the Stone lighting on and ſtriking againſt the 
Poup; but if any one is ſuppoſed hanging in the Air 
out of the Shi „he would not fee the Stone moving 
towards the » but the Poup towards the Stone, 
and ſtriking it; and the Magnitade of the Stroke, 
that is received on each Body, will be altogether 
the ſame as if the Ship was at reſt, and the Stone 


really impelled towards the Poup with the fame Ce- 
here with the Poup arrives at the Stone. For 

nd B, however equal or un- 

equal; the Force of Percuſſion 

will be the ſame, whether B 

with agiven Celerity impinges 

be at reſt, and A with the ſame Celerity ruſhes on 

it: or if each Body ſhould be moved — the ſame 

part, and the 2 Body A moving the faſteſt, 

mould impinge on B; the 5 — the Stroke 


if t are two Bodies, A 
on the Body A at reſt, or if B 
will be the ſame, 


carried towatds Jifferent rm of the Magnitude of 
— — would de the ſame, as if one was at reſt, 
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to the Sum of the former Velocities. 1 ay, in ſhort, 
the relative Velocity of Bodies always remaining the 
fame, as that wherewith arrive at one another, 
the Quantity of Percuſſion will be likewiſe the ſame, 
however the true Velocities are ſhared, as will be de- 
monſtrated hereafter. But e ky our Ex- 
ample of the Ship. | 

Ir the Force with which 4 Stone bs thrown by the 
Caſter, is leſs than that which it receives in this 
caſe from the Mation of the Ship, that Stone is truly 
carried by its abſolute Motion towards the ſame 
Parts, as the Ship itſelf: that is, it will be ſeen to 
move by the Spectatox, whom we have ſuppoſed to 
be placed out of the Ship in the Air, towards the 
Eaſt, with a Celerity, whereby the Celerity of the 
Ship exceeds the Celerity of the Motion im 
by the Hand of the Caſter; but to thoſe placed in 

the Ship, the Stone will appear to move towards the 
Weſt, with the very fame Celerity that it received 
from the Hand of the Caſter, with which alſo it will 
ſeem to ſtrike on the Poup. 

Bu r if any one fitting in the W 

a Stone towards the Prow, its true and abfolute 
Motion would be towards the Prow or Eaſt, and it 
would be beheld by our Spectator placed out of the 
Ship, to be carried with a Celerity that is equal to 
the Sum of two Celerities, whereof one is that which 
the Stone receiv*d from the Caſter, the other that 
which was communicated to it from che Motion of 
the Ship. «bite. of 

ALL theſe things may be apply*d to 
theſis of the Earth's Motion. for if the Karch caly 
revolved about its Axis from the Weſt towafds the 
Eaſt, and a Stone or Bullet ſhould be thrown by a 
Cannon to the Weſt, with that Velocity whereby the 
Earth is turned about its Axis; the — that 
the Bullet receives from the Cannon, would 
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the contrary Impetus, that was impreſſed on it 
the Earth! fo that the Bullet * at reſt in | 
the abſolute Space, if we have no regard to the Mo- 
tion ariſing its Gravity. Nevertheleſs thoſe 
that live on the Earth, and revolve together with it, 
would behold the Stone or Bullet ſwiftly carried to- 
wards the Weſt; and if any Wall was oppos'd to its 
apparent Motion, they would ſee the Buller ſtriking 
againſt the Wall with the ſame force as if the Wall 
was really at reſt; and the Bullet impinged againſt it 
with the Celerity, which in that caſe it had received 
from the Exploſion: for, as we ſaid before, the 
Quantity of the Stroke would be the ſame, whether 
the Bullet was thrown with the determinate Celerity 
againſt the Wall at reſt, or the Wall met the Bullet 
at reſt with the ſame Celerity. | 

Ir the Force that is impreſſed on the Bullet by the 
Exploſion of the Gun, be leſs than that which is com- 
municated to it by the diurnal Motion of the Earth, 
the Bullet will be really carried towards the Eaſt; 
but becauſe its Velocity is leſs than that whereby we 
are revolved towards the Eaft, the Bullet will appear 
to us to tend towards the Weſt, and any Object thar 

es its apparent Motion, will ſeem to be ſtruck 

by it with the ſame force, as if really the Obſtacle 
had remained in the ſame abſolute Space, and the 
Bullet had impi on it with the Force it received 
from the op. » laſtly, the Bullet be diſploded 
towards 'the Eaſt, its abſolute Motion will be to- 
wards the Eaſt, and its Velocity will as much exceed 
the Velocity wherewitch the Earth is moved, as is 
that which is impreſſed on the Bullet by the Gun; 
ſo chat it ruſhes. on and ſtrikes againſt any Obſtacle 
with that only Difference of Velocity. 
Ax p univerſally, of all Bodies included in a given 
dec heir Motions among themſclves will be the 
ir Congreſs the ſame, the ſame Fotce of 
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their Percuſſion, whether that Space is at reſt, or 
moves uniformly in a right Line. | 

Havinc, and that prolixly enough, explained 
Motion, Reſt, Celerity, as well abſolute as relative, 
we now come to define other Terms. 


VIII. Tre Space paſſed ober is the Way that by @ 
Body is run through in its Motion. 

IX. Ir s Length is the right Line that is deſcribed by 

the Center of the moved Body. | 

X. TAI Direftion of Motion is the right Line whither 
the moving Body tends. 

XI. Equ ABLE Motion is when the moving Body de- 
ſeribes all the Parts of the Length or Space paſſed over 
always with the ſame Celerily. | 

XII AcczLERATE D Motion is that, whoſe Ve- 
locity increaſes continually. 

XIII. ReTaRrDED Motion is that, whoſe Velocity 
is continually diminiſhed. 

XIV. Mor 10 equably accelerated is that to which 
in equal Times there is always added equal Increments 
of Velocity. 

XV. Mo r ro equably retarded is that, whoſe Velo- 
city in equal Times equally decreaſes, even to refs. 

XVI. A MomenTum (which is often called the 
Quantity of Motion, and alſo ſimply Motion) is that 
Power or Force incident to moving Bodies, whereby they 
continually tend from their preſent Places. : 

XVII. Bu r an Impediment is that, which obſtrutts or 
reſiſts Motion, and deftroys, or at leaſt diminiſhes it. 

XVIII. T a = moving Force is the Power of an Agent 
to cauſe Motion. » 

XIX. An impreſſed Force is an Aion exerted on & 

Body, to change its State either of Motion or Reſt. 


I a Body A at reſt is put in motion with a given 
Celerity, the Force that is impreſſed on it, a by 


* * 
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receiving which it begins to move with a given Ve- 
locity, 1s called the impreſſed Force; in which caſe 
it only differs from the moving Force in the Manner 
of conceiving it: for the ſame Force, as it proceeds 
from the Agent, is called the moving Force, and as 
jt is received by the Patient, the impreſſed Force. 
So likewiſe if a Body B is moving, a certain determi- 
nate Force is required to diminiſh its Motion, and 
alſo a certain determinate Force is neceſſary to put 
a thorough ſtop to its Motion; which, when it is 
exerted on the Body B, it is called the impreſſed 


Force, 
ignorant that there are ſome Philoſo- 


I Am not 
phers who do not diſtinguiſh the Quantity of Motion 
from its Celerity; but ſay thoſe Bodies have equal 
Motions, that are moved with an equal Ccleriy, 
whether the Bodies themſclves are equal or unequal, 
whether one is very ſmall, and the other ever fo 
great, ſo that each Body is carried with the ſame 
Velocity, they contend that the Quantity of Mo- 
tion in each will always remain the But not 
only Reaſon, but Experience, ſhews that Motion is 
not only increaſed in the Ratio of the Velocity, but 
alſo of that of — Bulk 5 n ies 
being ſuppoſed homogeneal, or ame Species : 
As, for example, let A and B 


be two Bodies, A the greater, 
and B the leſs, and the Mo- 
mentum or Quantity of Motion 


of A will be not only greater 
than the Momentum of B, if A is moved ſwiſter than 
B; but if both are carried with an equal Celerity, 
the Force or Energy whereby the greater Body A is 
carried, will be greater than that which the Body B 
has to change its place; becauſe there is required a 
contrary Force of an Obſtacle or Impediment 
de Motion of the greater Body A, than that 
= . G 3 Which 
* * 
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which is to deſtroy the Motion of the leſs 
Body B. For if the Body A is an hundred Pounds 
weight, but the Body B one Pound only, and if in 
both Bodies the Celerities are equal; the Force that 
the Body A exerts, and whereby it endeavours to 
remove an Obſtacle, (and therefore the Force of the 
Impediment reſiſting and deſtroying its Motion, will 
be much greater than the Force of the Motion of the 
Body B) viz. whereby it endeavours to remove the 
Impediment, and the Force of that Impediment, 
which is neceſſarily required to deſtroy the Motion 
of the Body B, will be leſs than the Force of the 
tian. that ſhall be ſufficient to take away the 
Motion of the moving Body A. But we ſhall here- 
after give Theorems, whereby may be eſtimated the 
Quantity of Motion, and its Meaſure be determined. 


XX. Tros?r Forces are equal, which acting 
' alike, produce TF Quantities of Motion in @ given 
Time 


XXI. Tos E Forces are contrary, whoſe Lines of Di- 
. - reftion are contrary. 
XXII. Gravity is Force bearing downwards, 

whereby Bodies tend to the Earth in br Lines 

XXIII. A CEenTRIPETAL Force is that Farce 
whereby a Body continually tends to ſome Point as a 
Center; and hence it follows, that Gravity i is a certain 

centripetal Force. 
XXIV. Bur by @ Centrifugal Force we mean a Force 


whereby any Body is continually W recede 


from à Center. 


Bur theſe Forces are always eſtimated by; the 
con Forces, that are able to the Bodies in 
the ſame ſtate. So if any Body to a String is 
revolved about an immoveable Center, the Force 
whereby it endeavours to recede "7" | 


3 


. 
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che que Tags zo ths Sie of the String 
reſiſting continually drawing the Body 
towards the Center, whereby it comes to paſs that 
the Body is always retained in the ſame Circle, will 
be as a centripetal Force equal to the centrifugal one, 
ſo that one of theſe Forces may be aptly eſtimated 
by the other. So likewiſe the Force of Gravity of 
any Body is known by a Force contrary and 
to it, whereby its Deſcent may be hindered. t 
that Force may be either the weight of another 
Body acting contrarily by means a mechanical 
Inſtrument, as, for example, a Balance, or a centri- 
fugal Force that will ariſe, if that Body revolves in a 
Circle about the Center of the Earth with ſome certain 
and determinate Velocity; or laſtly, it may be the 
Firmneſs and Reſiſtance of another Body on which 
the preſſing Weight reſts. 


XXV. Tun Accelerating Quantity of any Force, js 
the Meaſure of the Velocity which that Force generates 
in a given time. 


Ar the ſame Diſtance from the Earth, all Bodies, 
of how unequal weight ſoever they are, do deſcend 
equally ſwift, and therefore their accelerating Forces 
are equal; but at unequal Diſtances they are un- 
equally accelerated, viz. at a greater, leſs; at a leſa 
Diſtance, more. 


LECTURE VII 


= AvinG finiſhed the Definitions, which 
were neceſſary to explain ſuch things as are 
not ſufficiently eee or thoſe Terms that 


Phnofophical Axioms. But ſince the Object of Natu- 
ral Philoſophy are Bodies and their Actions on one an- 
other, which are not ſo eaſily and diſtinctly conceived, 
as thoſe ſimple Species of Magnitudes which are the 
Subject of Geometry; I would not have any one, 
in phyſical Matters, inſiſt ſo much on a rigid Me- 
thod of Demonſtration, as to expect the Princ: ples 
of Demonſtrations, that is, Axioms ſo clear and evi- 
dent in themſelves, as thoſe that are delivered in the 
Elements of Geometry: for the Nature of the thing 
will not admit of ſuch. But we think it ſufficient, 
if we deliver ſuch as we apprehend are congruous to 
Reaſon and Experience, whoſe Truth ſhines out, as 
it were, at firſt view, which procure the Belief of ſuch 
as are not obſtinate, and to which nobody can deny 
his — unleſs he profeſſes himſelf to be altogether 
a Scept; 

B E T alſo in demonſtrating, it is neceſſary to make 
uſe of a more lax ſort of Reaſoning, and to exhibite 
Propoſitions that are not abſolutely true, but nearly 
approaching to the Truth. As, for example, when 
it is demonſtrated that all the Vibrations of the ſame 
Pendulum made in the ſmall Arches of a Circle, are 
equal Duration; it is here ſuppoſed, that the ft 
Arch of a Circle and its Chord are of the ſame De- 
clivity, and of the ſame : which however, if 


we regard mg 
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but in Phyſicks, * re 
the Truth, that the Difference ought juſtly to be 
neglected, and the of rhe Vibrations 
ariſing from that difference, is altogether inſenſible, 
as is proved by Experience. So likewiſe that eminent 

Philoſopher and Geometer, Dr. Gregory, in his Ele- 
ments of Catoptricks and Dioptricks, makes uſe of a 


— Geometry, 22 ud A 


nearly to an — = 
tiful Phyſical Problems, which otherwiſe 1 prove 
very intricate. And alſo this Method ſeems to be ap- 
proved of ſometimes by Sir Iſaac Newton himſelf, as 
may be ſeen in Prop. 3. Lb. 2. of his Philoſaphie Na- 
turalis Princip. Math, 

Bur if there are any who harden their Minds 
againſt ſuch Principles and Demonſtrations, and will 
not ſuffer themſelves to be convinced by Propolitions 
ſufficiently manifeſt ; we leave ſuch. to their ſu- 


Pine Ignorance, nor do we thin them y to be 
admitted to the knowledge of the true. b 

o AXIOMS. 

I. Jos 1 or A lfitbions of « Naw: 


—_ or Nothi 


om an external 
liſtleſs Heap of Matter, 
tation in itſelf. 
IV. Errzcrs are 


Method ; becau 2 5 and mee 
1 f at. 
. — — _ Fe 
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VI. NATURAL Effetts of the ſame kind have the 
ſame Cauſes : as the Deſcent of a Stone and a Piece of 
Wood proceeds from the ſame Cauſe ; and there is alſo 


the ſame Cauſe of Light and Heat in the Sun and in a 


Kitchen- Fire, of the Reflection of Light in the Earth 
and in the Planets. 


VII. Ir two things are ſo connected tagetber, that they 
perpetually accompany each other, that is, if one of them 
is changed or removed, the other likewiſe will be in the 

ſame manner changed or removed; either one of theſe 


is the Cauſe of the other, or they both Fun from the 
ſame common Cauſe. 


So if there be a magnetick Needle moveable on 
an Axis, upon a Loadſtone being brought near it, and 
moved round it, the Needle will immediately be 
moved with the ſame Tenour: and if the Mo- 
tion of the Loadſtone be ſtopped, the Circulation 
of the Needle likewiſe Rope y, and it will again be- 
gin to revolve, as ſoon as the one is again 
moved: whence nobody can doubt, but that the 
circular Motion of the Needle on the Mo- 
tion of the Loadſtone. So likewiſe ſince the Flux 
and Reflux of the Sea happens at the ſame place when 
the Moon comes to the ſame Hour-Circle, and con- 
ſtantly obſ-rves its Motion; inſomuch that a Period 
of the Tides ſo preciſely anſwers to the Period of 
the Moon's Motions, that there has been found no 
Aberration for ſo many Ages; for it is retarded 48 
Minutes every day, and at the Conjunction of the 
Sun and Moon, the Tides are always at the bigheſt, 
and in their Quadratures at the loweſl: Whence ds 
muſt be granted, that the Flux of the Sea de 
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91 
VIII. A x y Body being moved in any Direction, all its 
Particles whith are relatively at reſt in it, proceed to- 
gether in the ſame Direction with the ſame Velocity 


that is, a relative Place being moved, that which is 
placed therein will be alſo moved. 


IX. EqQuaL — ine of Matter carried along with 
the ſame 222 or — of Mo- 
tion will be equal : 


Fo x the — of any Body is the Sum of 
the Momenta of all the Particles compoſing that 
Body; and therefore where the es and 


Numbers of the Particles are * the Momenta 
will be equal. : 


X. EqQu AL and e Has ating on the Jane 
Body, deſtroy their mutual Effets. 
XI. Bou r from wnequal and contrary Paus m 5 
produced a Motion Equivalent to * of the 
greater * 
XII. AMor tox produced f ” Forces, 


that is, acting in the ſame Direction, il Equivalent to 
their Sum. 


xill. Ir what is equivalent be either augmented, or its 
contra diminiſhed, then it becomes the greater. i 


Tur y who would philoſophize mechanically, ex: 
hibite the two following. 4 


XIV. Aru Matter is every where of the ſame Nature, 
and has the ſame eſſential Attributes, whether it is in 
the Heavens or on the Earth, whether it appears under 
er &bard, or of any other 
: Matter of any exam- 
di Matter 
. Bur he different e are nothing but 
the d erent Modifications of the ſame Mgtter ; and 
on the Various . F Ke, . Po: 
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> Apa of the Particles compoſing 


XVI. 8 80 likewiſe the Qualities, or Afions or Powers 
ome Bodies on other Bodies, ariſe only from the 
— and Motion conjointly. 


Bur the Phil Matter to be the 
common Subject or Subſtratum of all Forms and Qua- 
litiesz that it is indifferent to them all, fince it is 
capable of them all, and remains the ſame under 
whatever Form it may appearz and whence it is 
called by the Peripateticks Materia Prima, or the firſt 


Bo although Forms and ities are altogether 
accidental to Matter, yet they neceſfarily and eſſen- 
r which is made up of Form and 
atter together: as, for example, although the 
— ar is altogether indifferent to this or 
that Form or Figure and Texture of Particles, which 
being varied infinite ways, remains the fame; yet 
the Wood cannot fi without that determinate 
Modification of Particles, which conſtitutes the F 
of a wooden Body; which being removed, the Wood 
periſhes, and the ſame Matter paſſes into a Body of 
another kind. But that the Form of a wooden Body 
conſiſts in the Modification of Particles, is manifeſt 
the Wood into the Fire, whereby its 
rived of its Form; for by the Force of 
iffolved the Connection and Texture of 
Pd ed Ae reno ms 

CO 7 
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FizsT of all, when the Particles of Water are 


ty 

and compoſe Clouds that are of a thouſand Shapes. 
N o w when by the ' Courſe of the Winds 
is rendered leſs heavy, the Vapor 
fame Gravity, muſt neceſſaril 
fall being condenſed by the R 
and driven into a leſs ſpace, they 
and falling to the Earth, aſſume the Species 
M vu c n the greateſt part of tis is carried 
Sea in Rivers, to be changed again into Vi 
but ſome part of it mixes with the Earth, and 
there depoſited, enters into the Roots and Seeds 
Trees and Herbs, whence it ariſes into 
new Species of Bodies, And the ſame Rain-Water 
compoſes different Bodies, as it enters into the dif- 
ferent Seeds of things; ſome into P ; 
fome into Graffes, others into Flowers, others into 
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ther, the lender Fibres of another, the Flowers of | 


Taz Structure of Veſſels i the ſame Hemp is 
alſo very variousz (for, as in an animated Body, 


every Plant has its Veſſels ſerving for the Circulation 
of the Humours) and theſe Parts are of very diffe- 
rent. Properties: the Stalk, for example; is a lig- 

neous Body, and after being dryed; becomes very 
fable; whilſt the Rind, or Gre Membrane covering, 
the Stalk, confiſts of oblong, very lender and fold- 
ing Fibres variouſly connected together. ; 

THz Hemp-dreflers ſeparate this Membrane from 
its Stalk, aud after they have handled it a thouſand 
different ways, they ſpin its Fibres into oblohg 
Threds; and the Poſition and Situation of the Par- 
ticles being changed, theſe Fibres take another and 
a very different Form from that which they had in 
the green Plant. 

Turn theſe Threds being wound up, their 
ſmalleſt Particles continuing the ſame, appear in the 
ſhapes of Bottoms; The Weavers variouſly 

id weave theſe Threds, and by their Art make out. 
of them Webs, that yield Garments for Men. 
Theſe, laſtly, being reduced to Linnen Rags, are 
ſoaked in Water, and by wooden Hammers — 
as it were, into a ſoft Pulp; which at length, the 
; Moiſture being dried up, is tranſmuted into 
Paper, which if it be put into the Fire, is turned 
partly into a very fine Powder, and partly vaniſhes 
in Smoke, 

Bu r all theſe ellis Forms under which the 
ſame Matter appears,” ariſe, from nothing but the 
changed Figure,” Magnitude, and Texture of Par- 
ticles, and only depend on them. 

'$0 when Metals are melted, the Coherence of 


their Parts is diffolved by the Force of the Fire, 2 | 
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the metallick Particles ſeparated from one gr ug 
are hurried about with a moſt rapid Motion, whence 
they aſſume the Form of a fluid Body. 

HNO alſo (as it ſeems) ariſes the Solution of 
Salts and Metals in Menſtruums: for their Parts are 


from one another by Fermentation, and 
being reſolved into their leaſt Particles, they are agi- 


tated by the Motion of the Fluid itſelf, whence they 


will appear as fluid Bodies. From theſe Figures, 
and other Modifications of Bodies and their 
Parts, there ariſe many Effects, many Quahiies pro- 
per to each ſort of Bodies, which muſt neceſſarily be 
deſtroyed if the Conſtitution of Parts is owe. y 
So of the ſame Matter, as, for example, Iron, may 
be formed Keys, Plow-ſhares, Files, Saws, and in- 


numerable other Inftraments accommodated to va- 


 Fious Uſes, whoſe Qualities and Effects ſolely de- 
pend on their Figures: for whence have Keys the 
wer of opening Doors, but from their Figure, 
itude, and Congruity of Parts with the Parts 
of the Locks into which they. are put? Whenee 
have Wedges and Plow-ſhares their power of ſplic- 

ting and dividing Bodies? Have not the Writers of 
Mechanicks demonſtrated, that they derive it from 


2 Figure alone? Whence are thoſe ſo regular Mo- 


tions performed in Clocks or Watches, but from the 
Wheels being diſpoſed amongſt themſelves, adapted 


to one another and joined, together? Whence, laſtly,. 


is it, that ſuch great ? Effects are ed by artificial 


Machines? Certainly the — OO. to be deduced cy 
from their Fabrick. 


Non are natural Bodies leſs aha e 


ſtitution and Modification of their Parts than artificial - 


ones; for all their 
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Ir the ies of a Body is uneven and rough 
it reflects every way the Light incident on it; becauſe 
the ſuperficial Parts receiving and remitting the Light, 
are not all in one and the ſame regular Superficies, but 
are placed in almoſt infinite, and thoſe different Planes: 
whence the Light falling on theſe various Planes, muſt 
neceſſarily be reflected every way. Hence Ice, which 
when it is whole and ſmooth is almoſt of no colour, 
yet broken into pieces, and having rough and angu- 
lar Parts, it appears white, viz. when it reflects Light 


B u T ſuch is the Structure of moſt viſible Bodies, 
that their Surfaces ſuffocate part of the Rays that 
fall upon them, and remit part. If their Surfaces 
are ſo conſtituted, as to reflect or ſuffocate equally all 
forts of Rays, their Colour would be white or black, 
or browniſh, betwixt black and white; for the white 
Colour does no other ways differ from black, than 
as white Bodies reflect abundance of Rays of all 
forts, but the black only a few. This appears 


the Shade of an opake Body, that whilſt the Sun 


ſhines, is caſt on a white Wall; for that part of the 
Wall where the Shadow is, as it receives much fewer 


: 


r 
— 
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Object will be different, as it receives different ſorts of 
Rays, the reſt being in vhich was firſt dif- 
covered by the Great Sir Iſaac Newton. So if through 
a Glaſs Priſm red Rays (for ſo we call thoſe that pro- 
duce a red Colour) are caſt on a blue Object, the Ob- 
ect will change its blue Colour, and put on a red one; 
but if it receives only yellow Rays, then its Colour 
will be into yellow: if the incident Rays are 
blue, it will appear blue; and that Colour will be 
more vivid than all the other Colours, becauſe it re- 
flects many more of theſe Rays, and ſuffocates fewer 
of them than of the reſt; | 

Ir the Superficies of a Body is exactly ſmooth, - 
that is, without any Roughneſs or Unevenneſs; and 
it reflects from it Rays in great plenty, it will reflect 
the Rays that proceed from any Obje& in ſuch a 
manner as to afford a viſible Image of that Object. 
And for that reaſon, the Bodies having fuch Sur- 
faces are called Speculums. If the Speculum is a 
Plane, the Image will be equal to the Object itſelf, 
and its place will be behind the Speculum at a Di- 
ſtance equal to that of the Object itſelf from the 
Speculum ; if the Speculum be a ſpherical Concave, 
and the Radiant Object is farther diſtant from it than 
the fourth part of the Diameter--of the Sphere, the 
Image will appear hanging in the Air between the 
Object and the Speculum, and will be leſs than the 
Object; if the Object be placed in the Center, the 
Image will be alſo there, and equal to it; if the 
Object beyond the Center towards the 


Object fl arrived iſtan 

fourth of the Diameter of the Sphere, then 1 
ſtance of the Image will become infinite; but if it 
H approaches 
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approaches but a very r 
the Image will be behind 


than the ( Al res Phenomens 


Ls T us now confider thoſe various and 
contrary Effects, which ariſe from an Alteration only 
in Situation and Poſition, every thing elſe 


the ſame State, except ſuch things as depend on 
Mutation of the Situation. - 


1 


AlL Phi Jun to 
be at reſt in the Center of his Syſtem, Earths 
like the other Planets, robe carried about hm in the 

pa- 
Paralleliſm and 


* * p LF * IE 
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trees loſe their green and pleaſant Colour, and the 


Bur the Earth continually revolving in its Orb, 
each Part thereof changes its Situation in reſpe& of 
the Sun, and what before was turned from, begins 
now to reſpe& the Sun: and in the mean while the 

iſappear, the Fields are clothed with Graſs, 
and the Trees adorned with Leaves, the Horſe now 
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Parts be changed, the Pole of that Loadſtone wi 
alſo be thereby changed. And if a Loadſtone be put 
8 inſomuch that the internal Structure of 
its Parts be changed or wholly deſtroyed, then it 
will loſe all its former Virtue, and will ſcarce differ 


from other Stones. 
Bur although it is in the general ſhewn, that the 


magnetick Operations > in Sons ot from 
Conftitution of Parts, yet the Modus of 
ion, deduced from mechanical Principles, and 


eaſy to be underſtood, is not yet diſco- 
boaſt of, concern- 


f 


that 


: 


TL 


8 
are in all forts of Bodies upon w | 
any Experiments; are the univerſal Quak 
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vi. fince each Body is moved with the ſame Velocity, 


ſo that the Momentum of the Body A will be double 
the Momentum of the Body B. 1 
Matter in A is triple of that in B, A may be divided 
into three parts, each whereof will have a Quantity of 
Motion equal to , 14, — | 
whatever proportion atter in to at- 
ementum of B, if each Body is 
Velocity. 

Ir the Bodies are homogeneal, their ities of 
ir Magpitudes or Bulks; and 
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1 of the Body G, and of the Ratio of the 
_—_ = FG bs he Mos of 
but [by Theor. 1,] the Momentum of the 
to the Momentum of the Body G, as the 
is to the Celerity c; and Enge G and B 
1414 ſame Celevity, the Momentum 
G will be to the Momentum of the Body 
tity of Matter in G or A ta the Quan- 
in B. And therefore the Momentum 
be to the Momentum of the Body 
ed of the Celerity C to the 
of Matter in A or G, 
atter in 9. E. D. 
ies are homogeneal, the Ratio 
be compounded of the Ratio of 
of the Celerities. 
made as A to B, that is, as the 
rin A to the 


© under D and C, 
and under E and c., the Momen- 


PS — tum of the moveable Body A 
1 | will be to the Momentum of the 

moveable Body B, as the Rectan- 
a 1 gle D C to the Rectangle E c. | 
64 i 5 Fo R becauſe it is as A to B, 

ſa D to E, the Ratio compounded 
| fee Bate of A Baked Cs will be 
the Ratio nded of the Ratios D to E 
toc; but [by 23 El. 6.] the Ratio compounded of the 
Ratios of D to E and of C to c, is 


the ReQtangle DC to the Rectangle 
the Ratio of the 


y B: 
A is 
ity C 
moved 


will 
com 
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ectangle E c, fo is the Momentum of the moveable 
y A to the Momentum of the moveable Body B. 
The Momentum therefore of any Body may be con- 
fidered as a Rectangle produced from the Multiplica- 
tion of the Bulk or Quantity of Matter contained in 
that Body into its Celerity. 

Cor. 3. WHEREFORE whatever is demonſtrated 
concerning the Proportion of theſe R the 
ſame will be alſo true concerning the Momenta of 
Bodies, their Momenta bei ionable to theſe 
Rectangles. For example, if it be as D to E, or as 
A to B, ſo is c to C, in this caſe the Momenta of the 

ies wi qual: 
lelograms having their Sides reciprocally propor 
tionable, are [by 14 El. 6. ] equal; and on the 
trary, if the Rectangles their Sides 
be reciprocally i is, 1 
tities of Matter, or in 


Ef 


G 


71 


I 


5 


27 
Fel 


Celerity to 
Celerity of that: hence alſo may be demonſtrated 


following 

| THEOR. IV. 
Ix compared Motions, the Ratio of the Celerities is com- 
pounded of the dirett Ratio of the Moment, and of the 
reciprocal Ratio of the Quantities of Matter. 
Lx T A and Bbe two move- 


- 


9 , 
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of the Momentum of the Body A to the Momentum 


of the Body B, and a reciprocal Ratio of the Mat- 
ter in A to the Matter in B, that is, directly as the 
Matter in B to the Matter in A. . Let it beas A to 


j 


g 
(ht 


© 


E. 
8 


22 


2 * ＋ 


c or GH, in a Ratio 
Ratio of the Momentum E L to 
and of the Matter G K to the Matter ET: 
that is, the Velocity of any Body is always as its Mo- 
mentum applied to its Matter. & E. D. 

An p by the like manner of Reaſoning it is found, 
that the Matter of any Body is always as the Momen- 
tum applied to its Velocity. | 
Aub thus much concerning the Momenta of Bo- 
dies. The folloging Thporcms, congrnnt the Pro- 
portion Spaces paſſed over by Bodies in motion, 
are alſo commonly demonſtrated. 


ma. La 
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Tan IHE OR. V. big. $f 

I compared Motions, if the Celerities of the moving Bodies 
are equal, the Spaces run over by them, will be dire 
as the Times wherein the Motions are performed. 

Lz T a Body in motion run the length A B, in the 
Time T, with an equable and uniform Motion; alſo 
A— — — 

| 1 | 
$5 
Jet the ſame or another Body in motion, carried along 
with the ſame Velocity, run the length C D, in the 
Time: I fay, the Line A Bis to the Line C D, as the 
Time T to the Time 1. For if the Time I is double 


ual to #; ſo that each Space | 
ity in theſe equal Parts of Time, will be 


ay 


e 


4210 


2 5585 


B 
E. 


* — 
* 


ty C; and in the ſame, or 


moving Body run in a given Time the 


length A B, with the Celeri 
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an equal Time, let the ſame or another moving Body 
— 


Lr the Line AB be run I 
C, in the Time T; and the Line D 
lerity c, in the Time : I fay, the b 


21 


A n . 
* * — 
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D E is compounded of the Ratio of the Celerity C 2 
to the Ceivity 6, end the Rats of te Tan  W Ml 
| the Times. Let the Line FG be mn over in bse 


: 


728 . 
Þ 
78 8 


f 


* 


T 


of HI to MO; burt 
preceding Theorem] che Space run * I 


the 


7 
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is to the e run over DE, a 
ed of Ratios: whence theſe 8 
may be conſidered as Rectangles uced from the 
Times multiplied into the * — 

Cor. 2. Ir therefore the Spaces run over are equal, 
the Rectangle under the and Time, wherein 
one 8 is paſſed over, will be alſo equal to the 
Rectangle node the Celerity and Time, wherein the 
other Space is over; and conſequently you 
be as the Celerity to the Celerity, fo 
the Time to the Time, [by 14 EL. 6.] that is, i as 
Spaces run over are equal, the Times will be reci- 
procally as the Celerities. 


THEOR. VII. 

In compared Motions, the Ratio of the Times is com- 

| A IG. — 
reciprocal one of the Celerilies. 


Tris Theorem may be demonſtrated from the 
former, ther the Bone eget ak "hath: Poli 


the third: but for the fake of Perſpicuity, we ſhall 
thus briefly evince it. 


A — > Let the Length AB be 
—]— = rm over in the Time 
D— FE. T, w 


— — alſo let 


be run 
t, with the Celerty 9 1 fy, eh 
Time t in a Ratio 


err and of the re- 
ciprocal Ratio of the Celerity C to the Celerity c. 


Let K be the Time wherein the Length A B may be 
run over with the Celerity c, the Ratio of the Time T 
to the Time 7, will be compounded of the Ratio of 
T to K, and of K to :; but 


preceding Prop.] itisas T to 


it 


5 


run over 


the Corol. of the 
ſo c to C (ſinee 
| the 


=, n = 1 pu C 


* 
* 
* * 
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the ſame is run over in each of the Times) and 


as K to f, ſo is (by the Cor. of Theor. 5.) the Length 
ABro the Length DE. Wherefore T will be to ? in 


e AB te Log Celerity 
C, and of th AB to the DE; that 
of the reci- 
the direct one of 


Celerities are in a err 'Y 
reciprocal one of the Times. | 
P. 3 n as © a be 

run over to mo f 

. — — bo is 
over applied to the Time. 

TR third and 2 au be demon- 
ſtrated from this univerſal 

Ir any Effects depend at Err 
Cauſes, in ſuch a manner, that as they are augmented 
or diminiſned in the ſame Ratio wherein any of the 
Cauſes are augmented or diminiſhed, thoſe Effects will 

pounded of all the Cauſes: that is, 

if the Cauſes A, B, C, acting together do 22 
the Effect E, which, all the reſt re a 
is as ſome of the Cauſes; H ;F-mylir ang | 
ref] like the former, and acting after the ſame 
manner, do produce the Effect e; it will be as E to e, 
ſo Ax BxCto@xbxc. Which may be eaſily ſhewn, 


by almoſt the ſame Method that abs in es pre- 
Demonſtrations. 


Arr z u the like manner, if the fame Effect de- 


A 28 Wy Dy 
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= * 
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Tu ſeventh Theorem is thus demonſtrated in the 
Style of Sir I/acc Newton : 


Tx x Celerity being given, the Space run over is as the 
Time; and the Time being given, the Space run over 
is as the Celerity : wherefore neither of them being given, 
it is as the Celerity and Time conjointly. | 
So likewiſe may the eighth Theorem be ſhewn; 
Tax Celerity being given, the Time is direfly as the 
Space run over; and the Space being given, the Tini 
is reciprocally as the Celerity : wherefore neither of 
them being given, the Time will be direftly as the Space 
and reciprocally as the Celerity. | 
* 


In like manner may the third and fourth Theo- 
rem be explained, and we ſhall ſometimes make uſe 
of this Method for the ſake of Brevity. 
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df the Body A will be 40, and the Motion of the 
B but 18 Parts. 
iven Momentum and Quantity of 


in the 


otion in 


Y 
illuſtrate the Science of Mo- 
umbers, make uſe of both ſpecious and 
numerical Arithmetick; for from ſpecious Arithme- 


tick are diſcovered general Canons, which afterwards 
ied to particular Numbers. 

the Quantity of Matter in any 
but C ſtand for its Celerity, and let its 
called M; or rather let theſe Letters 
be put for Numbers that are proportionable to 
thoſe Quantities: then it will be Cx AS M and 
c 8 M M 5 


Ad A = E. 
In like manner, fince the Space run over is always 
proportionable to the Rectangle under the Celerity . 
and the Time; if the Space be called S, the Time 
T. and Celerity C, it will be S=CxT; and 
c i = 2; and therefore ſince it is 
M=AxC, it vil ao be M = 22: or i T is given, 


* 


1 ir 


114 An Introduftion to : 
it will be M=A xS; that is, the Momentum of 
any Body is as its Matter drawn into the Space run 
over by it in a given Time. Many other Conclu- 
ſions likewiſe, which ſome deliver as the Laws of 
Motion, may be deduced from what has hitherto 


From what has been demonſtrated, i 
feſt, that the Momentum of any Body 
the Motion of all its Parts: for in each Particle 
the Body there is an Impetus or Force of 
and from the Sum of theſe Forces is compound 
— Impetus or Quantity of Motion 


\ He NCE > be nf of Mane 
greater is the Quantity of ow” in 
ſo much the greater ought the 
to move thoſe Bodies with a 
therefore their Momenta will 
Ratio. If therefore there are 

along with the fame V 

Matter in them will be always 
ſo that if Bodies which are 1 
with the ſame 11 have 


$26 


s F 
: 


10 


44 


l 


15 


Th 


dave as Pores or e bs the Sher at 
OR lete with ſome Matter which does 
not of the Moticnof the whole Body, whoſe 
Pores it is ſuppoſed to fill. So, for — if there 
are two Globes, one of Cork, the other of Lead, 
both of the ſame and moved with the 
ſame Velocity, ſince it is known by Experience, 
that the Momentum of one is much than the 
Momentum of the other, it muſt follow that there 
are many more Pores in one than in the other; which 
* 1 


tri 
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it muſt be allowed, are either altogether empty, or 


replete with ſome moſt ſubtile Matter, which —_ 
freely paſs through its Pores, as not to partake of the 
Motion of the Body whoſe Pores it poſſeſſes. 
Bor that this Matter may pervade the Pores of 
other Bodies, without partaking of their Motion, it 
is that all Bodies ſhould have all their Portes 
extended in right Lines parallel to the Direction of 
Motion; viz. that there may be no Reflections of 
the ſubtile Matter againſt the Sides of the Pores 
otherwiſe the Matter, although ever fo ſubtile, will 
be moved together with the Body, whoſe Pores it is 
ſuppoſed to fill, The ſubtile Matter therefore can- 
not but of the Motion of the Body, unleſs 
the Body moved be fo diſſ that it has its Pores 
parallel to the Direction of Motion; but ſince its 
Situation may be varied infinite other ways, that is, 
the Lengths of the Pores may be inclined to the 
Line of Direction in infinite Angles; and therefore 
all theſe things being ſu whilſt the Body is 
moving, the ſubtile Matter placed in its Pores will be 
moved along with it : therefore a ſubtile Matter can- 
not ſo freely pervade the Pores of Bodies, but it muſt 
partake of their Motion; conſequently the Body 
being moved, the Matter alſo contained in it will be 
moved, however ſubtile it be. If therefore a Body 
of Cork is moved, it carries along with it the Matti r 
contained in its Pores; ſo that ſince it has a le's 
Momentum than a Globe of Lead of the ſame Mag- 


nitude, and moved with the fame” Velocity, the 


i, an tity of Matter in the Body of Cork will be 
and conſequently there will be more Pores or 
S 3 empty. 


13 what has been demonſtrated, may be de- 
2 Theorem. 


12 THEOR. 
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Tar Weights of all ſenfible Bodies near the Superficies 


of the Earth, are proportionable to the Quantities of 
Matter contained in them. 


) »- 
Hh] 


Fox, as is manifeſt from many Experiments of 
Pendulums, all Bodies falling perpendicularly by the 
Force of Gravity (abſtracting the Refiſtance of the 
Air) deſcribe equal Spaces in the ſame Time. For in 
vacuo, or a Medium that has no Reſiſtance, the ſmal- 
leſt Feather takes up no more time in falling than a 
heavy Piece of Lead; fo that the Velocities of all 


their 


in this caſe they will be as the Quantities of Matter 
in the Bodies moved ; but the Forces that generate 
theſe Motions, are the Gravitations of Bodies, that 
is, their Weights. _ Therefore the Weights of all 
Bodies are proporti to the tities of Mat- 
ter contained in thoſe Bodies. Q. E. D. 

Cor. 1. Tx x Weight therefore of any Body, will 
be augmented or diminiſhed, from the Quantity of 
its Matter being only augmented or diminiſhed. 

Cor. 2, WHEREFORE the tity of Matter 
continuing the ſame in any given „its Weight 
will alſo continue the fame ; and however its Figure, 
or the Texture of the Particles compoſing that Bod 
be varied, yet its Weight will not be changed: fo 
that the Weight of no Body depends on its Form or 


Since [by Axiom 14.] the Nature of all Matter 
is the ſame, neither does one Body differ from ano- 
ther, but in its 


Modes, as by Figure of its 
Parts, 
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Parts, Situation, and the like Forms; the Affection 


of Bodies, which do not on their Forms, will 
be the ſame in all Bodies: ſo that ſince (as has been 
faid) the Weights of Bodies do not ariſe from their 
Forms, but depend on their city of Matter; in 
equal ines of Matter, at the ſame diſtance from 
the Earth, the Gravitations towards the Earth will be 
: but if the Weights of two Bodies are unequal, 
r in them will be al- 
unequal. 

Lr us ſuppoſe now two Globes of equal Mag- 
nĩtudes, the one of Lead, the other of Cork; if the 
Quantity of Matter in both was the ſame, (by what 
ſhewn) both Bodies would equally ponde- 
for the ſubtileſt Matter occupying the Pores of 
Cork, would equally with the Matter 
ual to it. But fince there is a great 
eights of theſe two Bodies, there 
will be alſo a great difference in the Quantity of their 
Matter; and if Lead is thrice heavier than Cork, the 
Matter contained in the Lead will be triple of that in 
the Cork: fo that there will be more Pores or Spaces 

y ng in the Cork, than in the Lead. A 
Vacuum ore is not only poſſible, but actually gi- 
ven; which was to be proved. And hence it follows, 
that the Quantity of Matter in any Body may be 

eſtimated by its Gravity. | 

SINCE the Momentum may be augmented, as 
well by increaſing the Quantity of Matter, the Ve- 
locity remaining the ſame, as by increaſing the Velo- | 
city, the Quantity of Matter remaining the ſame; the - ö 
Antients (who were ignorant of the Force of Gunpow- 
der to give a ſwift Motion to Bodies) to beat down 
their Enemies Walls, made uſe of Machines ſo framed, 
that a huge Maſs of Matter might batter the Walls, 
though not with a great Velocity, yet with a violent 
Impetus: ** Bullets are hurled 

TY © | * our 
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out of Cannon with a great V <A the E 
fion of Gunpowder. But eden the warlike 
gines of the Antients were much inferiour to ours, yet 
their Force to overturn Walls was almoſt incredible: 
for their Battering-Rams were of vaſt Beams 
joined together, whoſe Weight may be from 
hence, that ſome of them required fix thouſand Men 
(viz, that ſome might fi others) to direct them, 
and to give them their Motion. That part, 

the Wall was battered, was made of ſolid- Iron, and 
they were ſo ſlung by Ropes, (I mean the com ; 
Rams) that their Lengths were parallel to the Hori- 
zon; whence being drawn backwards by a num- 
ber of Men, and immediately driven forwards by their 
Weight, and the Forces of the Men acting together, 
they ſtruck the Walls with their Iron End: and, ac- 
cording to the Teſtimony of Foſephus, there were no 
Towers ſo ſtrong, or Walls ſo thick, as to ſuſtain 
their conſtant Shocks. 

Is Machines that raiſe Weights by the Circumgy- 
rations of Wheels, ſometimes the Wheels are rendered 
heavier by the addition of Lead, viz. that the greater 
Quantity of Matter may receive the greater Impetus 
or Quantity of Motion; whereby it may the better 
oppole the Reſiſtance, ariſing as well from the Air as 
from the Friction of the Matter, and the longer pre- 
ſerve their Motion; which therefore once — will 
be caſily continued. 

From the ſame Principle alſo it is, that Spinners 
by putting on heavy Wharls on their Spindles, their 
Gyrations are continued longer: ſince the Part of the 
Motion loſt by the Reſiſtance of the Air, bears a |fs 
2 to the Motion increaſed by the addition of 

atter, than that which it had to the Motion not thus 
increaſed. 


| From what has been ſaid may be ſolved the fol- 
lowing Problem, fs | 
PROBL. 
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To find the Velocity, wherewith a given Body muſt be 
moved, ſo that it may bave a Momentum equal to any 
 grven Momentum. 


given. Body be A, whoſe Momentum 
ought to be equal to the Momentum of the Body B, 
2 Celerity c; let ĩt r) B, ſo 
e 


ce Cr eh this will be the 
ſought, "he he Ve 


moms its Mo- 


the — t 
lerity of the Body A, as the Bod 
to the Body B: whence the Momentum of the : Body 
ſo 


"And hence i« follows, that a Body, tho? ever 
ſmall, may have a Momentum equal to the Momen- 
tum of a Body, tho? ever ſo great, that is moved with 
a given Velocity. On this Principle depend all the 
Engines which are contrived to draw or raiſe Bodies : 
for if the Engines are fo diſpoſed, that the Velocity 
the Power ſhall be to the Velocity of the Weight, . 
that Weight is to the Power; I fay, in that caſe 
will ſuſtain the Weight. We will illu- 
the five 2 mechanick Machines. 


} 4 . 
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moveable about a fixed Point, of no Gravity indeed 
of itſelf, yet accommodated to ſuſtain and raiſe 
Weights. | | 
Tae fixed Point by which the Lever is ſuſtained, 
6 is called its Fulcrum or 
* 


THE OR. X. 5 

LIZ AB bea Lever only moveable round the Fulcrum 

C, the Space deſcribed by each of its Points, will be as 
its Diſtance from the Fulcrum. 


For let the Lever be moved out of the Situation 
A CB into the Situation a CG, the Point A will des» 
ſcribe the Periphery A «, but B will paſs over the 


2 


Periphery BB. Now by reaſon of the ſimilar Sectors 
A Ca, BCB, A a is to Bg, as ACtoBC; that is, 
the Spaces deſcribed by the Points A and B, are as 
their Diſtances from the Fulcrum. If to the Points 
A and B be applied Powers drawing the Brachia of 
the Lever perpendicularly; the Spaces that are de- 
ſcribed by them according or contrary to their Pro- 
ſions, are not the Peripheries A a, BB, but the 
erpendiculars « F, g E, let fall on the Brachia of 
the Lever. For the Power in A is moved, according 
to its proper Direction or Propenſion, through the 
Space « F only, and no farther: as, for 9 
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of Died: 


88 the Fulcrum to the Line 
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deſcribed by any Force to its proper Direc. 


according 
tion, is proportionable to the Diſtance of the Line of 
Direction from the Fulcrum. 


THE OR. XI. 


In @ Lever, the moving Force or Power that has to the 
Weight the ſame Ratio, which the Diſtance of the Line 
of Direction of the Weight from the Fulcrum, bas to 
the Diſtance of the Direction of the Power from the 
Fulcrum, will ſuſtain the Weight ; and therefore if it 
be ever ſo little increaſed, it will raiſe the Weight. 


IT is manifeſt from the preceding Theorem, that 
the. Spaces which are deſcribed by a -Power and 
Weight _— or contrary to their proper Pro- 
pang, portionable to the Diſtances of the 

of Dire ions 12 the Fulcrum; but the Ve- 
locities are proportionable to theſe S and con- 
* will be alſo proportionale to the Diſtan- 
therefore the ower P is to the Weight Q 


rection of the Power from the Fulcrum, the Po 
will be to the Weight, as the Velocity of the Weight 
to the Velocity of the Power; the Momentum there- 


fore of the Power [by Cor. 3. 
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the Power will be to the Wei 
if he es l rae, it will raiſe 

the Reaſon, why by the Statere 


Hen 

_ app , as it is commonly called, the 
Wege of Arent e one 
For this Inſtrument is a 


which 


Weight. 


„if the Weight P at the 
de Wege A. it is thence — (by 
the Weights are reciprocally 
Wear 5. that the Weight 1 

ei 

Defin. Tu EAR is a mechanical — 
to raiſe Weights, —_—- „ 
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compoſed of a Cylinder, that is named the Avi 
ſupported at each end by Fulcra. About de Cr. 
linder is fixed a Wheel, (which they call Peritrochium) 
and in its Circumference are faſtened ſeveral Han- 


dles or Spokes, to which a Force being applied, turng 

about the Peritrochium together with 1 about 

which a Rope being wound, raiſes the Weight. 
THEOR. XII. 

Ix an Axis in Peritrochio (and in the like Inſtruments, 
whoſe Reaſon is the ſame) the moving Force, that has 
to the Weight to be ſuſtained the ſame Ratio, as the 
Circumference of the Axis to which that Weight is ap- 
plied, has to the Circumference of the outer Orb to 
which the Power is applied, will be equivalent to the 
Weight ;, which therefore being ever ſo little increaſed, 
will raiſe the Weight. 


IT is manifeſt from the Make of the Inſtrument, 
that in one Converſion the affixed Weight P will be 
raiſed to an height that is equal in length to as much 
of the drawing R as will once encompals 
Axis; which ore is ſuppoſed to be to its 
Circumference : and in the mean while the Power 


applied 
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applied to the Extremity of one of the Spokes, will 

have through the Circumference of the 
outer deſcribed by the Power in the ſame Re-, 
volution of the Inſtrument; (that is, the Space paſſed, 
over by the Power in the ſame Time, will be equal to 
the Circumference of the outer Orb,) fo that the Ve- 
locities of the Power and of the Weight, which are 
as the Spaces paſſed over in the ſame Time, will be 
as the Circumterence of the outer Orb, and the Cir- 
cumference of the Axis. Wherefore if the Weight is 
to the Power, as the Circumference of the outer Orb 
is to the Circumference of the Axis, the Velocity of 
the Power will be reciprocally to the Velocity of the 

- Weight, as the Power to the Weight. Therefore 

{by Corol. 3. Theor. 3.] the Momentum of the Power 
will be equal to the Momentum of the Weight; and 

y, the Power will be equivalent to the 

Weight, and that Weight will be ſuſtained by the 

Avis in Peritrochio: but if the Power be increaſed, or 

the Weight leſſened ever ſo little, the Power will 

raiſe the Weight. Q. E. D. 

Cor. By how much the greater is the Compaſs of 
the outer Orb, that is, by how much the longer the 
Handles or are, or by how much the leſs the 
Axis is, by ſo much the more powerful will be the 
Force to raiſe the Weight. 

. An Inſtrument compoſed of one or more 
Wheels aptly diſpoſed, moveable about their Axes, 
and about which Wheels a Rope being put, draws 
up the Weight, is called a Pulley. 

THEOR. XIII. 

In a moveable Pulley, from the Poſition of the Wheels may 
be computed what the Force ought to be, which will be 
equivalent to an affixed Weight; namely, that Force, 

_ whichis to the Weight, as 1 to the Number of Ropes, by 
which the Weight is ſuſpended, will be able to ſuſtain that 

- Weight: which Force being therefore ever ſo little in- 

- creaſed, will raiſe the ſame Weight. BY . 4 
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moveable Pulley, to whoſe Block let be 
Weight Q it is manifeſt, that in order to raiſe 
Fig. 1. 04 
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| ope ſuſtaining the Block 
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Weight diminiſhed, the Power will then raiſe the 
Weight. 2. E. DO. 
Dein. A RIORH I Cylinder indented equally in a he- 
lical Form, is called a Skrew, whereof there are two 
forts, Male and Female, It is named a male Skrew, | 
hen the convex Surface of the Cylinder is cut in 
female Skrew, when the concave. The firſt 
called 


1228 A Introduftinto 
the inſide one. But the female Skrew ought to be 
ſo fitted to the male, that their Parts may anſwer to 


each other, (viz. that the Eminences of the one do 
agree with the Cavities of the other) whereby, if the 


j 
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may be freely moved over it. jefly 
employed to remove Obſtacles, to break in pieces or 
to compreſs any thing, and to effect other Motions 

= - 


„ * 
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THEOR. XIV. 


Is the Shrew, if it be as the Compaſs, which the Force 
or Power applied, paſſes over in one Revolution of the 
Skrew, to the Diftance between two helical Threds 

' that are cunti (reckoned according to the Length 

— 4 Skrew) ſo is the Weight or Reſiſtance ts the 

oer; then the Power will be equivalent to the 

Weight, and that Power ever ſo little increaſed, will 


move . —7d7 


LzTCA be a male Skrew, which being turned 
round by means of the Handle CB, may be paſſed 


* '# 
*> T.'F 


through a female Skrew, and at the ſame time raiſe 
a Weight P. It is manifeſt by inſpecting the Inſtru- 
ment, that in one Revolution of the Skrew, the 
Weight will be raiſed as much, as is the Diſtance 
between two contiguous Threds; = 

Power will paſs over a Space equal e Compals it 
ies is me Her the Way of the 


that is, of 
Weight will be to the Way of the Power gone 
through in the ſame time, as the 
ewo Threds to the Compaks deſcribed 
in one Revolution, fo that the Celerity 


therefore if it be, as Power to the 
— — 


ſo the faid\ Diſtance between two near 
Threds to the Way deſcribed by the Power, then the 
Power will be equivalent to the Weight; which being 
ever ſo little increaſed, it will overcome the Reſiſtance. 


E. D. | 
1 AWO Una heed 
Sg hag 8 Its form — 14 
a . pane Baſes 
Itoleeles: Triangles 3 of — is is 
the Fieight of ve Wedge, —— the Trangle 
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t Line which joins the Vertices of the Triangles, 
de Edge 


THEOR. XV. 
APowznr ied direftly to the Back of a W/ 
which is to the Reſiſtance that is to be overcome by t 
Wedge, as the Thickneſs of half the Wedge to its eight, 


will be to the Reſiſtance ; — -- wh it 
be increaſed, it will overcome that Re 4 


Les or DE LINE a Wedge 
for example, the Tenacity or Toughneſs of 


Way of the Power, ** 
—_ — 12 7 for * 


Height, 
Race divided by —_ of the Viedge 


A of the Obſtacle is moved 
half che . and proportionably 


in its whole * as * . 
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2 Triangle. Whence, if the Power be to the Re- 
on each fide the Wedge, as half its Thickneſs 
to its Hei the Reſiſtances will counterbalance the 


Power; fo that if the Power be increaſed, it will 
overcome the Reſiſtance. 


SCHOLIUM. 

Hencs it that the Force of the Power 
is not increaſed 8 Inſtru- 
ments, which is impoſſible to be done; but . 
application of the Inſtrument, the Velocity 
Weight that is either to be raiſed or drawn along, 
is diminiſhed in ſuch a manner, X22 
of the Weight becomes leſs than the Momentum of 
2 e fo example, if any acting Force is 
given Weight of one Pound with a 
ge Velociry, it is i is impoſe, by by the means of any 

rument whatever, the ſame Force ſhould be 
made to raiſe a Weight of two Pounds with the 
_ fame Velocity; yet Py Bip pan} La que 
ment, be able to raiſe a Weight of two Pounds with 
. that Velocity; nay, the ſame Power will raiſe a 

ght of a thouſand, or even ten thouſand Pounds, 
be r part of that 
Velocity; but the Force of the Power is not there 
by increaſed: the Motion only that it produces in 
raiſing that great Weight, is equal to the Motion that 
is produced when a Weight of one Pound is raiſed. 

FROM what has been ſaid, the Reaſon is plain, 
why in Canals of different Capacities, which commu- 
nicate with one another, the ibrium of Liquors 
is preſerved. For let ABC re 
municating at C with a ſmaller one MN KH; if 
Water be 4 
ſame height, and the Endeavour , or the 
through the Orifice C, is equal to the Force of the 
22 * | K 2 | Water 


neceſſary 


al 


FM to Al, as t 
or FG; but it is FM to Al, as the Velocity of the 
Aſcent of the Water in the Canal FN, to the V 
city of the Deſcent of the Water in the Canal A 
and the Orifice A D is to the Orifice M N. as 


| 8 

Canal F H, will is ad the Velocity of the Water de- 
ſcending in the Canal A C, as the Water in the Canal 
ACS Warer oils Be the Velocities of 
Waters are reciprocally proportionable to the 
Quantity of the Waters themſelves, and therefore the 
Momenta of the Waters will be equal: but they are 

contrary, whence there will follow no Motion. 
Hznce, by the bye, appears the Reaſon why 
Water, or indeed any Fluid, flowing out of a larger 
Cehate narrower, Channel, is moved with a greater 
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1 + LECT U R E XI. 
| Of the Laws of. Mature. 
” „ _— . 


of Theorems relating to the Quantity of 
Motion, to Spaces paſſed over by moving 
Bodies, as likewiſe the Corollaties that 

— — —— — — now then 
we to ws of Nature: namely, fuch 
Laws, as it is neceſfary that all natural Bodies do obey. 
And we ſhall deliver theſe in the ſame Order, and in 
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able to deſtroy that Motion; and in this they would | 
have this Indifference placed. 
Since, according to this Law of Nature, a Body 


. 


Phi 
their Motion? (which Motion they. are pleaſed to 

call violent.) Why do they not proceed in infinitum? 
If Motion did not of its own nature 


Gravity. 
through the Air, or on the gon Surfaces of other 
Bodies, they muſt be neceſſarily retarded» for fince 
all Bodies in motion muſt drive and thruſt out of its 
place the reſiſting Air, or overcome the Roughneſs 
of the Superficies upon which they are moved; they 
will loſe all that Force and Motion, that is conſtantly 
employed in overcoming theſe Obſtacles, and conſe» 
ntly the Motion of Projectiles 


Gravity that continually forces 
the Bodies towards the Earth, Motian would always 


continue the ſame, without any Retardation at all. 


So in the Heavens, where the Medium is exceedingly 


| rare, the Planets do continue in gheir Motions for a 
| long time; and upon Ice, or any other very 


once in Motion always continues in that Motion, the 
aſk why all rer 


decay, a Stone 


will be continually - 
Giminiſhed: but if there was no Reſiſtance in the 


» „ 
. 79 Force. 
= 
= 
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A the Figure, the Colour, and any 


like Affections of Body, which always re- 
— unleſs they are altered by any exter- 


TRAIS2 would have done much bet- 
ter, and more ſuitable to the Rules of M | 
if they had inquired out- the Reaſons the Decay or 
Loſs of Motion: = 2338 ſo in > 
Affair uppoſe very thing to be 
Caue of the eee Motion, from which in» 


deed proceeds its Decay. 
* 2. the Sure, 1 berger diputing e. 
cerning the Communication of Motion; for from 
what has been ſaid, may be underſtood why a Stone 
goes with ſo great an out of the Hand of one 
that throws it ; namely, when the Stone is held in the 
it is that it partakes of the Motion 
of that Hand [by Axiom 8.] ſo that it will be carried 
in the fame Direction with the Hand: but every na- 
tural Body once moved, continues in the ſame Mo- 
tion {by the above-mentioned Law] until it is hin- 
dered by ſome external Agent, whence when the Per- 
ſon that caſts the Stine draws back his Hand, but not 
back the Stone, it will proceed ri ght forwards. 
After the ſame manner, if a Ship or —— 
driven by the Winds or Oars, thoſe that fit in her, have 
the ſame ſwift Motion communicated'ty them; but if 


the Ship ſtop.of en, 
in that Ship endeaFours — 


in a Ship, Aer fo faden and} 
of its State are not thrown n 


* ; 
* * 
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ſeem to change its relative place. But at length 
after the Motion of the Veſſel is communicated. to 
the Water, and that together with the Veſſe] begins 
to move uniformly and with the fame * 
then the Veſſel be uddenly ſt , yet the 
will endeavour to Fan mag in : fame Mation, pear 
riſing up the Sides of the Veſſel, part of it will even 
run over. 

Ir 1 47 en and a troubled Sea, 
the Men that are fitting in her, and relatively at reſt, 
— 4 be * with , 

omiting, , eſpecially i have not 
the Sea; fince the if tey hve not 
machs, Inteſtines, Blood-Veſſels, and aches EY do 
not immediately obſerve the Toflings of the S 
' whence the Motion of the Fluids in the "in te haman Boy 
s diſturbed, and Diſeaſes do ariſe, 

" OCT... 
Tar Change of Motion is almays propor. tionable to the 
moving Force impreſſed,” and is 4 9.09 made according 
to the right Line, in which that Farce is impreſſed. 

Tas follows from the fourth Axiom; for if any 

Force generates a certain Motion, a double Force 


; 


. 


88 1 * an 
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the 

be 

: — 

Force ſame 

Body equal 

to th otions 

will if the 

ſame Body as 
inually. 

Pn rinually 


: 
2 
i 


gr ei P 1 
the Motion of B Gravity in the ſame 
right Line, wi Motion, a bd 


y is 
ſuppoſed to be divided into and very imall 
Particles, 
ticle 


cles, and let the Gravity acting in the firſt Par- 

ticle of Time draw the Body towards the Center; 
if now firſt Time the Action of Gravity 
ould cea the Body be uo longer heavy, ne- 
theleſs the Motion received from the fixſt Impulſe 
be always continued, and the ody would 
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the Rectangle if; ſo the Space 


the Time i n with the Velocity i E, 
Rectangle ; fo likewiſe the 
the Time ap with the Celeri 
Rectangle pn: and fo of a 


S aſſed over in all theſe Times, 
dee K. or as the Sum of all 


theſe Rectangles, 
les; but ſince the Particles of Ti 
the Sum of all the Rectangles 
the Triangle A B C: but [by the C 
the Space 5 
AB with an uniform Celeri 


given Time by a heavy 
be to the Space 


by the heavy Body at the 
angle ABC to the Rectangle 
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Triangle ABC is half the Rectangle 


whence the Space | 
by a falling Body from the beginning 
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be half that Space which it would have paſſed over in 

the ſame time, with an uniform Velocity equal to that 

which it has acquired at the end of its fal 2. E. D. 
Cor. 1. Tu Space which is paſſed over with the 

Velocity CB in a Time equal to half A B, will be 

equal to the Space paſſed over by a falling heavy Body 

in the Time A B. 
Cer. 2. From the Demon- 

ſtration itſelf it follows, that as 

the Space over in the 


ſo the 
pace deſcribed by the heavy 
Body in the Time A F may be 2 


„are in apc _—_ of 
Space paſſed over in ime 
paſſed over in the Time AP, as 
© to the Triangle A FG; but (by 
gles ABC, AFG; the 
AFG in a dupli- 
AK to the Side A F: fo 
in the Time A B will be to the 
is he Time A F in a duplicate Ra- 
Time AB othe Tine AF Ros 4 
ed over y from 
offs Fall 3 the Squares of the Times in 
run through. 
Cor. 4. HEN if a heavy Body falling from a 
Space in I. 
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over in a triple Time will be nine times greater than 
the Space firſt run over, &c. that is, if the Times are 
taken as 1, 2, 3, 4, 5, Sc. the Spaces deſcribed in 
theſe Times reckoning from the beginning of Mo- 
tion, will be as 1, 4, 9, 16, 25, &c. 

Cor. 5. Siu the Space paſſed over in the firſt 
Time is as 1, in the ſecond as 4, computing from 
the beginning, the Space deſcribed ſeparately in the 
ſecond Time will be as 3. After the ſame manner, 
fince the Space deſcribed at the end of the third 
Time is as 9, and at the end of the ſecond as 4, the 


Space deſcribed ſeparately in the third Time will be 


as 5; and fo of the reſt: taking therefore equal 
Parts of the Times, the Spaces deſcribed ſeparately 
in every one of thoſe Times by a heavy Body falling 
from a State of Reſt, will be as 1, 3, 5, 7, 9, 11, &c. 
namely, as the odd Numbers. 

Cor. 6. Hence alſo, ſince the Velocities acquired 
by a falling Body are as the Times, the Spaces 
over will be likewiſe as the Squares of the Veloci- 
ties: and the Velocities, as well as the Times, will 
be in a ſubduplicate Ratio of the Spaces through which 


the heavy Body falls, computing from the beginning, 


of the Motion. 
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Drei 
LECTURE XII. 
L A W III. 


Rz-acT10N i always equal, and contrary to Action; 
or the Actions of two Bodies upon each other are al- 
ways equal, and in contrary Directions. That is, by 
Action and Reattion equal Changes of Motion are pro- 
duced in Bodies acting upon each other, and theſe 
Changes are impreſſed towards contrary Parts. 


1. Ir one Body impinges on another 
Body at reſt, whatever Motion is impreſ- 
— ſed on the Body at reſt, juſt the ſame 
Quantity of Motion is 


ſubſtracted from the im- 
pinging Body. For ex- Dp D 
ample, if the Body A, | 


whoſe Motion is twelve 


Parts, is carried towards 


the Body B, and if after the Impulſe, it ſhall have 
communicated to B five Parts of its Motion, then 
will there remain to A but ſeven Parts of Motion, ſo 
that the Changes which happen to both Bodies will be 
equal; and the Effect will be exactly the ſame, as if 
a Force equivalent to five Parts of Motion ſhould 
puſh the Body B towards C, and another Force equal 
to the former ſhould act on the Body A, and ſhould 
preſs it the contrary way towards D. | 

2. Ir the Body B ſhould not be at reſt, but tend 
towards C, and the Body A moving faſter, ſhould 
impinge on it; the Body A would loſe jaſt the ſane 
L 2 Re: Qazn- 
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Quantity of Motion as the Body B would gain, and 
the _ Motion produc'd by the Im on 
both the Bodies, (that is, the Increaſe of Motion in 
one, and the Decreaſe in the other) will be equal. 

3. Ir the Bodies A and B meet each other, A be- 
ing carried towards C with twelve Parts of Motion, 
but B — with three Parts of 3 — 
ever C of Motion happens to the Body 
very ſame will befall the Body A : for example, if 
after the Concourſe B is carried towards C with two 
Parts of Motion, the Change of Motion that is made 
in it will be five Parts; namely, equal to the Sum of 
two Motions, viz. of that whereby it was before car- 
ried towards D, and which was deſtroyed by the Im- 
pulſe of the Body A, and of that which it then re- 
ceived, and wherewith it tends towards C; and the 
Motion loſt in the Body A, will be exactly equal to 
theſe five Parts of Motion: ſo that (as in the firſt Ex- 
ample) the Effect will follow exactly the ſame, as it 
would be, if a Force with five Parts of Motion ſhould 
puſh B towards C, and another Force equal to the for- 
mer ſhould be impreſſed on the Body A, and preſs it 

towards the Parts D. 
Abd univerſally, the Magnitude of a Stroke 
which ariſes from the Concourſe of two Bodies, is al- 
ways equally receiv*d by both the Bodies; whence the 
Changes of Motion produced by the Stroke in both 
the Bodies, will be always equal. 

So if an Iron Hammer ſtrikes againſt a Glafs, the 
Blow 1s received equally by the Hammer as by the 
Glaſs, and the Glaſs is broke, when at the ſame time 
the Hammer remains whole, not becauſe the Force 
of Percuſſion impreſſed on the Glaſs is greater than 
that is which is received by the Hammer, but becauſe 
the Parts of the Iron beirg harder, and cohering 
more firmiy together, do more ſtrorgly reſiſt the 
ſame Force of Percuſſion, than the biircle and leis 


cohering 
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cohering Parts of the Glaſs. can do. Juſt after the 

ſame manner, if a Body is faſten'd toa Wall by a 

fine Thred, a ſmall force will be ſufficient to pull ir 

From thence; but if the ſame Body is faſten'd by a 

ſtrong Rope, the former Force equally applicd, will 

little avail to draw it away. 

4. Ir a Horſe draws forwards a Stone tied to a 

Rope, the Horſe alſo will be equally drawn back- 

wards towards the ſame Stone; for the Rope ſtretched 

both ways, by the ſame Endeavour of relaxing it- 

ſelf, will equally ſtrain the Stone towards the Horſe, 

\ and the Horſe rowards the Stone : whence the Forces 

| of Attraction, as well in the Horſe as in the Stone, 

will be equal; but ſince the Firmneſs and Force of 

| the Horſe ſtanding upon the Ground is ſo great, that 

he is able to reſiſt the drawing of the Rope, he will 

not in the leaſt yield to the drawing Rope, nor by its 

| Force be removed out of his place; but the Stone, 

5 wherein there is not ſo great a reſiſting Force, will be 
2 _ 

. WI xperience, in magne tick 
N - tn the Loadſtone does not only draw the 
Iron, but is in like manner equally drawn by the 
Iron: For let a Loadſtone be placed on a piece of 
Cork B, and likewiſe the Iron A on another piece 
| of Cork, and let them both ſwim in Water; chen 

let the Loadſtone be | 

held by any ohe's 
Hand, and we ſhall ſee 

the Iron advance to the 

| Loadſtone: and if the 

| Iron is kept immove- 

| able, we ſhall find the 

| Loadſtone will come to —_— 
| it: but if both the Bo- = 
8 dies are permitted to float freely on the Water, we 
K 4 ha" 
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meet each other, and the Force of Attraction acta 
equally upon them both, producing equal Motions 
in each: I fay, the Motions will be equal, but not 
the Celerities, 2 = „ Load ſtone 
wei alike; for if they are of different Weights, 
chat which weighs the moſt, will have the leaſt Cele 
rity. For example, if the Loadſtone is ten times 
heavier than the Iron, the Iron reciprocally will have 
ten times a greater Velocity; namely, that there may 
be generated equal Quantities of Motion in each Body : 
ſo that the Loadſtone and the Iron will not meet in 
the middle Point E, but in the Point D, which will 
ſo divide the Diſtance B A, as BD wil. be to DA as 
the Weight A to the Weight B. So in the preſent 
Example, if BDis the eleventh part of the whole 
Diſtance, the Point D wil; be where the Loadſtone and 
the Iron will meet each other: for ſince BD is the 


eleventh part of the Diſtance BA, BD will beta 


DA as 1 to 10; but as to 10, fo (by what was 
ſaid before) will be the Velocity of the Body B to the 
Velocity of the Body A. Wherefore ſince the Spaces 
aſſed over in a given Time are proportionable to the 
Velocities, during the time the Body A is running 
over the Space A D, the Body B carried with the tenth 
part of tlie other's Velocity will have paſſed over a 
Space equal to the tenth part of the Space' run over 
by the Body A: ſo that at the end of that Time it 
will be found in D, in which Point therefore the Load- 
ſtone and Iron will meet each other. After the ſame 
manner, two Loadſtones being placed on two Pieces 
of Cork, if their correſponding Poles be ſet towards 
each other, they will mutually attract each other e- 
qually ; but if their adverſe Poles be placed near one 
another, theſe Poles will mutually fly from each other, 
and the Quantities of Motion produced by the 
Force whercwith they avoid cach other, will be equal 

in both. ; 25 
| 6, Tus 


Kinds of Attractions. 8 and B be two 
Barges upon a 
one of them, as, for example, in A, draw by the 
means of a Rope the other Barge B towards 


the ſame Weight, they will have, ceteris paribus, equal 


. itſelf a greater Quantity 


A will exceed the Velocity of the Barge B ten zimes, | 
divides their firſt Diſtance AD, that AG is ten 
eleventh 
mould be a Ship a thouſand or ten thouſand times 


.. ten. thouſand 1. than the 2 of 2 4 
. conſequently it would be ſcarcely diſcernible. Now 4 
& B Hold 


* 
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6. Taz fame thi be ſhewn in other 


the Water, and let a Man placed in 


kimfelf; by this Action of the Man, not only the 
Barge B will approach towards A, but A alſo will 
be equally drawn towards B; and the Quantities of 
the Motions produced by the Attraction, will be 
equal in each Barge: whence if the Barges are of 


Velocities, and they will meet at the middle Point E. 
But if one is greater than the other, that is, has in 
ity of Matter, or a greater 
Weight, then that which is the biggeſt will have 
the leaſt Velocity. For example, if the Barge B is 


ten times greater than the Barge A, the Velocity of 


and the Barges will meet in the Point G, which fo 


times than GD; that is, GD will be the 


part of the whole Diſtance A D: but if B 
bigger than A, its Velocity would be a thouſand or 


be another Body inlinitely great, its Ve- 


locity would be infinitely ſmall, that is, Juſt nothing 
in reſpect of the Velocity of A. Hence if the Ro 
ſhould be —_— and the 44 
Barge ſhould draw by the Rope the Shore _—— 
himſelf, the Barge ben! " 
Shore, Mp, © towards 


Magni 

Barge, will be very m—_— and 2 ſo 
that its Veloci "will be nearly infinitely ſmall, and 
(as I may fo 25 nothing at all: and conſequently 
the Shore may be look*d upon as fix'd and impoſſible 
to be mer. » ay 8 whole Ka way, as altogether 
appertaining to Barge. Weight of the 
Barge B is a thouſand Talents, and is carried to- 
wards F with an hundred Degrees of Motion, the 
Momentum of that - gt F 2 fog 
hundred thouſand parts. Now if to the Barge 
faſtened the Boat A, whoſe Weight is ten Talents, 
whatever Motion by this means 1s communicated to 
the Boat A, the very ſame Quantity of Motion will 
be taken from the Barge B. So that, 

7. Ir any one in the Boat A draws the Rope 
AE, by which the Boat is faſtened to the Barge B, 
in ſuch a manner that the Boat moves forward with 
five hundred parts of Velocity, the Motion thence 
ariſing will be five thouſand parts; and ſo much of 
its Motion the Barge B will loſe, and conſequently 
there will remain to it ninety-five thouſand — of 
Motion, whence the Velocity of the Barge B will be 
ninety-five Parts. 

8. Ir any one fitting in the Boat A, ſhould by a 
Spreut, or the like Inſtrument, puſh or thruſt the 
Burge B towards the Parts F, by that puſhing the 
Boat A would recede towards the contrary Parts; ſo 
that tie Quantity of Motion in bath the Veſſek, 


ariſing 


ariſing from the Force of the Man's pu 
than the Boat A, it will have ten times a 


trary way, the Boat would 
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ſhing, would 
be equal: whence if the Barge B is ten times 


city; if it is an hundred times it wi 
wiſe have the hund 


the Ship by his thruſting would recede from the 
Shore; for the Shore, in reſpect of the Shi be 


E 


which they are fixed, towards the Parts H : for 
which reaſon alone it is, that the 
wards; for if there was no Re-aQtion, 
ter impreſſed no Motion on Oars 
Parts when it was thruſt by the Oars the con- 


would be nothing 


154; rA uroductin to | | 
greater the broad Ends of the Oars are, or the more 
they are in number, cæteris paribus, or elſe the ſwifter 
they are moved within the Water, the Boat will be 
cat ricd with a greater Impetus. | 
Hence ſince ſwimming is nothing elſe than a 
rowing with the Hands and Feet, it may be eaſily 
underitood, why by ſwimming within the Water we 
are moved forwards; namely, ſince the Water is 
impelled backwards by the Palms of our Hands and 
the Soles of our Feet, that by its re- acting forces thoſe 
that ſwim towards the contrary parts: ſo that the 
Motion generated in the Water, 1s <qual to the Mo- 
tion wherewith the Swimmers proceed forwards. It | 
is juſt the ſame thing in the flying of Birds; for as * 
the Buds by their Wings bear the Air downwards, 
the Air by its Re- action raiſes them upwards; and 
if they drive the Air towards the Eaſt, for example, - 
the Re- action of the Air obliges them to tend to- | 
wards the Weſt, So Gunpowder within a Cannon 
being fired rarefies, and by its Force acts equally 
upon the Bullet and the Cannon out of which that 
Bullet is to be hurled; for the rarehed Air endea- 
vouring to expand itſelf every way, will equally preſs 
the Cannon backwards, as the Bullet forwards, whence 
its elaſtick Force will produce equal Quantities of 1 
Motion in both; and by dividing theſe Quantities =! 
of Motion, as well by the Weight of the Engine as | 
by the Weight of the Bullet, the Velocities thence 
2 will be reciprocally proportionable to the | 
; eights. | * | » 
S1NCE all Bodies near the Superficies of the Earth 
2 towards the Earth, in like manner the 
Earth will gravitate towards each Body, and is at- :M 
tracted towards them; and the Motions generated A 
. by this Attraction will be equal, as well in the Earth, 
as in the heavy Bodies falling to the Earth: ſo if a 
Stone by the Force of its Gravity falls downwards 
* 
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to the Earth, the Earth in like manner will riſ:: to- 
wards the Stone; but fince the Quantity of Matter 
in the Earth exceeds immenſely the Quantity of Mat- 
ter in the Stone, the Velocity of the Stone will ex- 
ceed immenſely the Velocity wherewith the Earth 
' tends towards the Stone, ſo that (to ſp-ak phyſical- 
ly) the Velocity of the Earth will be nothing: 
which will thus appear upon a Calculation. Let us 
ſuppoſe a Stone of an hundred ſolid Feet in magni- 
tude to fall to the Earth: the Space run over by the 
| Stone in a Minutes time will be about fifteen Feet; 
| but (according to their Accounts who have wiitten 
* concerning the Bigneſs of the Earth) the whole terra- 
ueous Globe contains 30 000000 000000000 000000 
lid Feet. Let us now ſuppoſe the Earth to be 
1 every where of the ſame denſity with common Stones, 
(tho* it is probable it is much more denſe) whence 
| the Quantity of Matter in the Earth will be to the / 
Quantity of Matter in the Stone of a hundr:d feet, ö 
as 300 ooo ooo ooo ooo ooo ©00 to 1; and therefore 
whilſt the Stone by its Weight falls through the 
Space of fifteen Feet, the Earth will be drawn to- 
15 | 
wards the Stone the 300 000 000 000 000 000 Parts of a 
þ Foot: which is ſo very ſmall a Quantity, as not to be 
1 conceived by the Imagination, and conſequently may 
be neglected and eſteemed as nothing in Philoſophy; 
altho* ſpeaking geometrically, and according to Truth, 
| we ought to ſay that the Earth advanced towards the 
3 Stone, and that both the Bodies mutually attracted 
each other. 
Ir the Moon by its Gravi 
Wo Orb, ſo that it does not leave the Earth; that is, if 
| the Moon gravitates towards the Earth, in like man- 
" 2 * ner the Earth and all its Parts will gravitate towards 
4 the Moon: and hence ariſes the continual Flux and 
Reflux of the Sea, But this by the bye, for we ſhall 
a an 


is retained in its 
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La x ſuch a Ship be at reſt in the Water, as may 
be eaſily moved by any external Impulſe, yet no 
Force acting within that Ship, and ſolely contained 
in it, can communicate any Motion to it at all; for 
let G H be the Ship, and let any Machine, for ex- 


ample, the elaſtick or ſpringing Body A BC, which 
being violently ſtrained, will endeavour to unbend 
itſelf, be placed within the Ship: moreover, the 
Machine being compreſſed, the Side BC will ap- 
the Side AB; the Spring by its natural Ener- 
gy, or reſtoring Force, endeavouring equally to un- 
bend itſelf on both ſides, will equally impel the Ob- 
ſtacle D A towards G, and t E F to- 
wards H: and therefore the Ship being impelled by 
theſe contrary and _ Motions, will not be moved 
at all. Juſt in the ſame manner, as if one ſtanding 
at the head of the Ship H, ſhould by a Rope draw 
to himſelf the Stern G; now the Rope being di- 
ſtended both ways, by its Endeavour to relax it ſelf, 
it will equally urge the Stern towards the Man that 
draws, and the Man towards the Stern; and fince 
he is ſeated at the head of the Ship, in like manner 
the Head will be equally drawn towards the Stern: 
whence the two contrary and equal Motions will de- 
ſtroy each other, and conſequently no Motion at all 
will follow. 


Fa 2s 


one 
the Sea. 
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From this Law may be demonſtrated the follow-- | 
ing Theorems. 


THEOR. XVIIL 


Ir one Body ftrikes againſt another that is either at reſt, 

or moving in the ſame Direfion, but flower; the Suna 
the Motions in both the Bodies towards the ſame 
arts, will remain the ſame after the Stroke, as it 
was before that Stroke. 


the 
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will be as the Sum of the right Lines CK, EG, 
But ſince FG is equal to K D, if to both there be 
added E F and C K, then EG and C K will be equal 
to CD, E F: whence the Sum of the Motions to- 
wards the ſame Parts, will remain the fame, both 
before and after the Stroke. If FG is equal to C D, 


A. E 
C D F 


the Point K will coincide with C, and CK will be- 
come equal to nothing; whence after the Stroke the 
Body A will be at reſt. But if F G is greater than 


A B 


5 —— J 
R G DEF d 


CD, the Point K will fall beyond C, and the Mo- 
tion of A will become negative, or towards the con- 
trary Parts, viz. from C towards K; and the Sum 
of tne Motions towards the Parts G, will be as E G 
leſſened by CK: for the Sum of two Quantities, 
whereof one is poſitive, the other negative, is their 
difference. But becauſe FC K D, let EF - CK 
be added to them both, and it will be EFF G 
CK: that is, EG—-CK=KD-+EF—CK, 
that is, E F+ CD: whence the Sum of the Mo- 
tions towards the ſame Parts, which is here the Dif- 
ference of the Motions towards the contrary Parts, 
before and after the Stroke, remains the ſame. 


2. E. D. | 

Cor. AFTER the ſame manner, if more Bodies 
moving towards the ſame Parts ſtrike againſt one 
_ the Sum of their Motions will not be 


THEOR. 


a 0 F 
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THEOR. XIX. 


Ir two Bodies moving towards the contrary Parts, do 
direttly ftrike againſt each other; the Sum of their 
Motions towards the ſame Paris (which is the Dif- 
AY their Motions towards contrary Parts) 
fore after the Stroke, will always remain the 
fame towards the ſame Parts. 


Lr the Body A move from C towards D, whoſe 
Motion let be expreſſed by CD; but let B be moved 
towards the contrary Part, namely from E to F, 


A. , 3 
C K H P Þ E * 
with a Motion as E F: let DH be put equal to EF; 
and CH, which is the Difference of the Motions to- 
wards the contrary Parts, will be as the Sum of the 
Motions towards G: I ſay, the fame CH will be as the 
Sum of the Motions towards the ſame Part G after 
the Stroke. For let the Motion of the Body B after 
the Stroke be towards the Part G, and let it be re- 
by the right Line EG; the Force there- 
tore of Impulſe impreſſed on the Body B towards the 
Part G, will be equivalent to the Sum of the Mo- 
tions ES, EG, and will be repreſented by the right 
Line FG: for by that Force is deſtroyed the Mo- 
tion as EF, towards the Part F, and a new one as 
EG is impreſſed towards the contrary Part G. But 
fince the Force of Impulſe acts equally on both Bo- 
dies towards the contrary Parts, if DK is made 
equal to FG, it will reprefent the Force exerciſed on 
the Body A towards the Part contrary to its Mo- 
tion; ſo that if the Motion as DK is ſubſtracted 
from the Motion as CD, there will remain CK as 
the true Motion of the 3 
o 
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But if 


Point K will fall be- 


E 
63 


be at reſt, and CH will be 


ual to EG. 


eq 
the 


FG is greater than CD, 
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well expreſſed by Sir Iſaac Newton. 
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' T uz Nang of Motion, that is athired taking 
the Sum of the Motions made towards the ſame 125 and, 
the Difference of thoſe made towards the contrary Parts, i 1 
not — the 2 — — 
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LECTURE XIII. 
Second Definitions. 


H E Center of Gravity of any Body is a Point 
>. placed within that Body, through which if a 
Plane paſſes any how, the — of the 
Body that are on each ſide, as it were 


ballanced upon that Plane, will equiponder ate. 


Hence, if a Body is ſuſpended by its Center of 
Gravity, whatever Situation it is put into, it will re- 
tain it: via. fince the Parts of the Body every where 
about the Center conſiſt of equal ee, or have 


equal Propenlities t to Motion. 


I. WI call the common Center of Gravity of two Bodies, 
- Point ſa ſituated in the right Line joining their Cen- 
ters, that the Diſtances of the Bodies from that Point, 
are in a 2 Ratio of the Bodies. 


A there be two Bodies A, B, whoſe Centers, of 
Gravity let be joined by the ri right Line AB; which 
ket be fo divided. in C, that AC be to BC as the 

A ee 

h 7 
Body B. that is, the latter of B is to the Body A, 
or Matter in Az that Point C is called the common 

M Center 
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Center of Gravity of the Bodies A and B: namely. 
becauſe if thoſe Bodies are turned about that Poi 
the fame Diſtances from it, they will retain any given 
Situation, (as was demonſtrated in Theor. 11.) 


— 
4 * 


and C be the Center of Gravity of two of them, A and 
and the right Line CD be ſo divided in E, that C 


S8 — — — 
is to D E as the Weight of the Body D to the Weight | 
the two Bodies A — B together, that Point 22 | | 
the common Center of Gravity of theſe three Badies x [ 
about which alſo if the Bodies are turned, they will re- | 

lain any given Situation. 
IV. Ar rA the ſame manner, if there are four Bodies 

A, B, D, F, and E is the common Center of Gravi- 
* —— — 


* —0 
[uf Sp; B, D; the Point G, which ſo di- 
vides the right Line E F, that E G is to G F as the 
Weight of the Body F to the Weight of the Bodies 
D, taken together, is called the common Cen- 
ter of Gravity of theſe four Bodies. | 


AnD after the ſame manner the common Center of | 
Gravity of five or more Bodies may be determined. | 


III. In like manner, if there are three Bodies A, B,D, 
1 


V. Ons Body is ſaid to ſtrite or impinge direHly on ano- 
ther, when the right Line, in which it moves, drawn 
through the Center of Gravity of the impinging Body 

and the Point of ContaB, is perpendicular to the S 

ficies of the Body that receives the Stroke; or, if the 

„ r 00 
or a Superficies, when that Line is perpendicular to ibi. 


* 
a 


$ a” 
— 
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VI. By r i is ſaid to frite or impinge obliquely or indi- 
2 on = « uy the bers mation right 
ne it not cular to the Superficies of the 
that receives the Stroke. 5 3 
VII. I Cart that à perfecty hard Body, which does 
nat yield in the leaſt to a Stroke; that is, which does 
not loſe its Figure for a Moment. 


VIII. Ta a T 7s @ ſoft Body, which ſo yields to a Stroke, 


4 to boſe its firſt Figure, and never to endeavour 10 
recover it again. | 

IX. THAT b an claſtic Body, which yields indeed for 

little while to a Strate, yet of its own accord does 

recover its firſ® Figure. 

X. An elaſftick Force is that Force, whereby a Body ob- 
liged to quit its Figure, recovers it again. 

XI. A PzrxFECTLy. claſtick Body is ſuch a one, as 
recovers its firſs Figure with the ſame Forces whereby 
it was obliged 10 quit it. | 


THEOR. XX. 


Ir to or more Bodies are carried by an equable Motion 
towards the ſame or contrary Parts, their common 
Center of Gravity before their mutual Concourſe will 
either be at reſt, or will move uniformly in a right Line. 
The firſt Caſe. LE T the Bodies A and B tend to- 

wards contrary Parts, whoſe common Center of Gra- 
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runs T Gn Lend A Gr ths Length BC will 
be run through by the — ſo that the 
Bodies will meet in the Point C, and in that Point 


will be their Center of Gravity at the ime of thete- 


Concourſe: but it was in the ſame Point before the 
Concourſe, ſo that it remained in the ſame place. 

IT may be ſhewn, after the ſame manner, that if 
the Bodies receded from the Point C with equal 
Motions, their Center of Gravity would have been 
at reſt. 


De ſecond Caſe. Ir Bodies are carried in the ſame 


ter of Gravity will be always found in the ſame ri 
Line. For ſince the Bodies do uniformly and di 
recede from one another, or approach one another, 
their Diſtance from one another will be un 
creaſed or diminiſhed ; and therefore the 
will uniformly recede from, or approach to 
Point, dividing the aforeſaid Diſtance in a 
Ratio. The Diſtance therefore of the Bodies 
their common Center of Gravity 22898 age wah 
2 of 
the 


in- 
Bodies 
any 
iven 
from 


increaſed or diminiſhed ; which cannot 
ſoreſaid Caſes, unleſs that Center is either at 
in the firſt Caſe) or moves uniformly, as in 
ſent Caſe. 

The third Caſe. Lz r the Bodies A and B 
in the r Ag 1M AC, BD; and let the Spaces 
AC, E. paſſed over by the Body A in Times, 

1 


(as 
Pre- 
B move 


ual; and the Spaces BD, D F, 

. To B in the ſame Times, be alſo equal. 
the 

3 AC to BD fois AG wo GH, and join AH; to 
which through C and E let CT, EK, drawn pa- 


rallel: it will be A C to HI as A to GH. that is, 


as AC to BD; wherefore HI s = BD, and there- 


Lines AC, BD, meet in G; and let. it be 


fore HB = ID. In like manner, E is to I K, as AG 
89 939946 6 Un 6” 2 to 


— —¶⏑ 


1 
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E | Tb 


MN to NO, that is, as L ny rg 
reaſon AC is=CE) it ill be l. P Those. 
fore the common Center of Gravity of Bodies is always 


in the _— and paſſes over equal Spaces in 


equal Times. 

The fourth Caſe. — 
one, but in different Planes, their Ways, and the 
Way of their common Center of Gravity muſt be re- 
duced to the ſame Plane, by letting fall from every 
1 of the Ways, Perpendiculars upon any Plane; 
and (after the Gd 2 as in the preceding Caſe) 
it will be demonſtrated, that the Way of the Center 
of Gravity thus reduced, will be a right Line: and 
fince this is in any Plane aſſumed at eaſure, it is 
neceſſary that _—— enter of Gra- 
vity of the Bodies is a right Line. 9. E. D. 

To like manner, the common Center of theſe two 
Bodies, and any third one, is either at reſt, or moves 
uniformly in a right Line, by reaſon the Diſtance of 
the common Center of Gravity of the two Bodies, and 
the Center of the third, is divided by it in a given Ra- 
tio. And after the ſame manner the common Center 
of theſe three Bodies, and a fourth, either is at reſt, 
or moves in a right Line, reaſon the Diſtance be- 
twixt the common Center of the three, and the Cen- 
ter of the fourth Body, is divided by it always in the 
ſame 18 bo of any other number of Bodics. 
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1 
the ri 
to A C, or (by reaſon of the equi 
ACF, "BCH) aHCtoFC: whence the Demon- 
ration will proceed as in the firſt Cr. 


THEOR. XIII. | 
Ir two Bodies are carried towards contrary Parts, t the 
Difference of the Motions towdrds the contrary Parts, 
or, which is the ſame thing, the Sum of the Motions 
| towards the ſame Part, 'be to the Motion that 

would be produced, if both the Bodies were carried to- 
' wards the ſame Part with the 6 
Center of Gravity. 


Lier the Bodies be A and B, whoſe Center of Gra- 
vity let be the Point C, and let the Body A move from 
A towards D, and the Body B rowneds the contrary 
Part from B towards E; let the Spaces deſcribed 
2 B, and Center C in the ſame Time, b 


a 
Ee 


is to B A 


1 


7 
Body B as Bx B, 
Motions will be A 


ACas A to B; and A to 
wherefore it f 115 ie 
I Go 
„ee ] 
en 


xAa—AxC aa „B LET CG: 
whence 


angular Triangles 


* 0 
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Ir Bodies impii 


I ual, 
of Gravity in this Caſe will Be as 


. - 


otions 
to give ſome 


15 


o- 
d with 
Struc- 
ure of Bodies, viz. as ſome are endued with an ela- 
ſtick Force, whilſt others want that Force, the Rules 
of their Concourſe will be different according to the 
7 there is no 
I tuft, 
contain 
thing of all theſe in themſelves) yet it does not. 

inder, but that we may, by an A on of the 


Mind, ſeparate thoſe Qualities, and conſider a Body 
as only endued with one of theſe Qualities: and the 
Motions of Bodies will come the nearer to the Rules 
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THEOR. XXIV." _ 
Ir @ bard or ſoft direftly impinges or ſtrites 
another bard or ſoft Body, whether 9 
. ceives the Stroke, is either at reſt, or moves flower te- 
wards the ſame 


; 


= 


TE 
f. 
Li 


| 


| 
Le 


85 
7 


conjointly wi 
ve ſlower, by reaſon 
y behind it; and it cannot move 
cauſe by Hypotheſis there is gt 
Cauſe of its. Motion beſides 


1 


late] 


* 
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c, will be before the Concourſe, as the right Lines 
AD, BD, CD reſpeRtively; for theſe Lengths are 


Paſſed over in the ſame Time. 


PROB. II. 

To determine the Motions of hard or ſoft Bodies after 
— -* their direft Impat# or Stroke. 

W ſhall conſtruct all the Caſes of this Problem 
at once. Let therefore A and B be two 

whoſe Center of Gravity let be C, and let us fup- 


wo 

— 
=y J 

£ 


Philoſophy. 
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Example 4. Is the Body B is to A, and 
moves ſlower in the ſame Direction, E or CD will 
AB AB 4+- 2 BD _ AD + BD; 

=——+BD= | —— — 

2 

chat is, an fie ihe Ba will be half the 
Sum of the firſt Velocities. * 

Example 5. Ir the Bodies tend towards the ſame 
Parts with equal Motions, the Point D will coincide 
with C, as was demonſtrated in Theor. 20. and CD, 
DE, will be equal to nothing, that is, both the Bo- 
dies, will be at reſt, after their Concourſe. 

Cor. 2. HEN CE the Law of the Cartefians is de- 
monſtrated to be falſe, whereby they contend that 
there is always preſerved the ſame Quantity of Motion 
in the Univerſe: for Bodies which are not elaſtick, 
meeting each other from contrary Parts with the 
ſame Motions, mutually deſtroy each other's Mo- 


tions. 
6. Ir equal Bodies tend towards contrary 
Parts with — Motions, it will be DE or CD 


AB — 2 ne 
= CB-BD==—BD= 


by 
"the Body B be 2, and 
and if the 
yok the ſame 
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in all Bodies, the Sum of their Motions towards the 
ſame Part before and after the 1 is the fume: 
wherefore the Motion of the Bodies after the Im- 
pulſe will be either AC Be or AC - Be, accor- 
dingly as the Bodies did tend towards the ſame or 
contrary Parts. There is therefore given the Mo- 
mentum of the Bodies carried with the ſame Velo- 
city, whence [by what has been ſaid in Led. X.] 
their Velocity will be likewiſe known; namely, if 
their Momentum is divided by the Bodies them- 
| ſelves, the tent will exhibit their Velocities, viz. 
AC+Bor 3 C- e, and if B is at reſt that is; 

A+B A+B 4 
if c be ay mm 6 Ty of the Bo- 

* | 

Cor. 3. Six e the Velocity of the Body A before 
the Impulſe was as AD, and after the Impulſe its 
Velocity was as CD, the Velocity loſt will be AC, 
and therefore the Motion loſt by the Stroke A x A C. 


THEOR. XXV. 


Ir @ moving mag fo Boch another either 
in motion or at reſt; the the Stroke is pro- 


portional le to the Momentum — is it at the Concour ſe 
by the more powerful Body, whichever of them it is. 


For if we ſuppoſe the more powerful Body, 
(whichever it is) or if ey have equal Momenta, 
cither of the Bodies, to be that which gives the 
Stroke, and the other that which receives it; the 
Magnitude of the Stroke will be equivalent to the 
Force impreſſed by the firſt on the other: Where- 
fore that Force impreſſed departs ſrom the 


tient Body, [by the third Law] ſo that the Motion 2 


* the percutient Body „ 
N | 9 


D. 


conſe· 


the other Body, and 


* 


that de- 


equal 
ty which 


from the percutient Bodies, there the Magni- 
Ei of the Swches will be equal | | 


Y 


— 


eloci 


AB. Afterwards let 


Stroke. 2, E. 


3 


= 


be Stroke will be always pro- 
Velocity of the impinging Body. | 
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impinges on another given Body 


of the 
of 


THEOR. XXVI. 


— 


An Iniroduttion to 


ven Body A impin 


85 
Ae 


Warn the Momenta are 


expreſſed by 


A impinge on the ſame quiefcent Bod 


at reſt, the 


* portionable to 
Lier the 


the Force impreſſed on 
9 i 
or. 


E 
a 
: 


L 


Ir & given Body 


178 


TEEN. 
141111 ffs 7 1. * 
23122848 

SLE 

7455 

215 

437 

1 8 

1 11 

13 2 

74832 Sod 17111227 


330 


* 
- = * 
= 


Lect. 1 3. Natural Philoſophy. 179 * 
AC toAC+BC, that is, AB, as B to ALB; 


and in like manner, it will be B to A+Ba DG 


to DE. Wherefore it will be AC to AB, as DG 
to D E, whence by utation it will be AC to 
DG as AB to DE; that is, the Magnitude of the 
Stroke with the Velocity A B will be to the Mag- 
nitude of the Stroke with the Velocity #2: as the 
Velocity A B to the Velocity D E. 2 

Cor. Ir the Body A ſhould ruſh on the Motion 
loſt would ne but if B ſhould impinge 
en A with the fame Velocity, the Modon Toll wound 


A. C B 
OG——————  ——— 


be as B x BC; but becauſe A is to Bas BC to AC, 
it will be AxXAC=BxBC: ſo chat the Quantity 
of Motion loſt 

ther B i 

with 


ow. ſame Velocity ſtrikes againſt B; and conſe- 


on A with a given Celerity, or A 


the —— was at ret, and the pry Hark 
Body was carried towards it with a Felociq equal to 


the Difference of their Velocities. 
the two Bodies carried towards the fame 
A and B, whoſe common Center of Gravity 
| the Point of their Concourſe be D; 
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Lines AD, BD, and conſequently the Difference of 
their Velocities will be as A B: but the Velocity of 
both the Bodies after their Concourſe will be repre- 
ſented by CD, and conſequently the Motion loſt in 
the Body A will be Ax AC. But if the Body A 
ſhould impinge with the Velocity A B on the quieſcent 
Body B, its Velocity after the Concourſe would be 
CB, and its Motion loſt A x AC: whence ſince in 
both Caſes the ſame Quantity of Motion is loſt in the 
percutient Body, the Magnitude of the Stroke will be 
alſo the ſame. Q. E. D. | 

Cr. Ir the Difference of Velocities remains the 
ſame, that is, the reſpective Velocity whereby Bodies 
approach each other, however their Sum is increaſed 
or diminiſhed, the Magnitude of the Stroke will be 


always the ſame. EK, bs 

| THEOR. XXVIII. 

Ir two Bodies meet each other with contrary Motions, 
the Magnitude of the Stroke will be the ſame, as if 
one of them was at reſt, and the other impinged on it 
with the Sum of their Velocities. =” | 
LET A and B be two Bodies carried towards con · 

trary Parts, whoſe common Center of Gravity let be 

C, and let D be the Point where they concur ; it's 

plain that the Velocities of the Bodies A and B are 

as the right Lines AD, BD; and conſequently 
| Wy 3 
2 „ 

Sum of the Velocities will be repreſented AB; 

but CD expreſſes their Velocity after the * 

and therefore the Motion loſt in the Body A will be 

Ax AC. But if A ſhould impinge on B at reſt, with 

the Velocity AB; the Velocity after the Concourſe 

would be as CB, and the Motion loſt as A x AC. 

Since therefore in both Caſes the ſame Quantity of 

Motion is loſt, the Magnitude — will be 

the lame. 2. E. D. 3 : Cot. 
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Cor. 1. Ir therefore the Sum of the Velocities re- 
mains the ſame ; that is, the reſpective Velocity of the 
Bodies A and B, wherewith they approach each other, 
whatever is the Difference of Velociries, or after what 
manner ſoever that Velocity is ſhared amongſt the 
meeting Bodies, the Magnitude of the Stroke will be 
always the ſame. . 

Cor. 2. Tu Magnitude therefore of the Stroke in 
given Bodies is always proportionable to their reſpec- 
tive Velocities. 

Cor. 3. T n » Motions of Bodies incloſed in a Space 
are the ſame amongſt one another, whether that Space 
is at reſt, or moves uniformly and directly on; for 
the Differences of Velocities, wherewith Bodies tend 
towards the faine Part, and the Sums, wherewith 
they tend towards the contrary Parts, are the ſame, 
whether the Space, in which they are incloſed, is at 
reſt, or moves uniformly forwards: and therefore the 
Magnitudes of the Strokes being always proportionab.e 
to theſe, will be the ſame in both Caſes. Hence all 
the Motions within a Ship are performed in the ſan e 
manner, whether it is at reſt, or is moved uniformly 
forwards. So alſo the Phenomena of Projectiles and 
Percuſſions do all happen juſt the ſame amongſt us 
placed upon the Earth, whether they are all toge- 
ther with Earth in one common Motion, or there 
is no ſuch common Motion, and the Earth is at reſt; 
ſo that the Odjections that are wont to be brought 
from the Incquality that ought to be in Projectiles 
not mov d by the lame Force, accordingly as they are 
made towards the Eaſt or towards the Weſt, and 
from the unequal Percuſſions made by a Bullet hurled 
by a Cannon, as the Exploſion is performed towards 
this or that part, and the like, prove nothing ow et- 
ther ſide, whether to eſtabliſh the Reſt or the Motion 
of the Earth. | 


! 
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LECTURE XIV. 
| F there were no ſuch thing as Elofticity, the 


& Laws, which we have propoſed in the pre- 
ceding Lecture, relating to the Percuſſions 
of hard Bodies, would perfectly agree to all 
Bodies, and all Bodies after the Impulſe would tend 
—_— towards the ſame Parts, towards which, be- 
ercuſſion, the more powerful Body did tend; 
that is, the Body whoſe Momentum was the greateſt; 
and with the Velocity that we determined in the be- 
fore mentioned Laws. But ſince there are indeed very 
few Bodies, wherein there is not ſome of E- 
laſticity, (for ſoft Clay, Wax, and the like Bodies, 
contain in themſelves ſome Particles of Air, which 
gives them ſome Elaſtick Virtue) it happens by that 
Elaſtick Force, that Bodies after their Impulſe do not 
move conjointly together, but fly from one another, 
and are moved with a different Velocity, ſometimes 
towards the ſame, and ſometimes towards the con- 
trary Parts. But in order to underſtand the Modus 
and Cauſe of this Rebounding in Bodies, we will il- 
luſtrate the thing by an Example. 

Lex AB be a String extended over a Plane, but 
8 — Diſtance from it, whoſe 
Extremities A B let be firmly 
fixed, and the itſelf very 
much ſtretched: Now if the 

Ging be drawn = middle 
0 "E Point D, its Extremitics re- 
maining immoveable, into tbe 
Situation ACB, ſo chat its 
Point D ſhall be in C, and then 
be let go, the String will not 
: | renin ;.- 


% 
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the Parts C; ſo that when it ſhall again arrive into 
the Situation A D B, it will have the ſame Force of 
moving farther towards C, as it had at firſt of tend- 
ing towards the Parts E: and ſo by moving back- 
wards and forwards; it will make continual Vibra- 
tions. 

Lz T us now ſuppoſe 


the Tenſion of the String ing 
will reſtore itſelf with the ſam Force, wherewith it 
| | the 


its 


11 
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therefore the Body F will be ſent back with the ſame Ve. 
locity that it came forwards with, and fo a Reflection 
will be occaſioned. | : 
Lz r us now inſtead of a String, any elaſtick 
Body A B, which at firſt we ſhall ſuppoſe fixed and 


immoveable, and let its Superficies A D B be preſſed 


inwards by the Force of the Body F ftriking againſt 
it. As ſoon as the compreſſing Force, that is, the 
Motion of the Body F ſhall ceaſe, the ſpringing Body 
by its innate Force will reſtore itſelf to its. former 
Figure, and by that Force will compel the Body F 
towards E; and if bath the Bodies are perfectly ela- 
ſtick, the reſtoring Force of the Spring will be equi- 
valent to the Force that compreſſes it, that is, to the 
Momentum of the Body F: and therefore it acting on 
the Body F with this Force, it will compel that Body 
to return back with the ſame Velocity which it had 
at firſt. But if the Body ADB C is not fixed, but 
in ſuch a ſtate as its Motion is not hindered by any 
other Body, then the elaſtick Force will exert 
itſelf on both the Bodies, and it will produce equal 
Changes of Motions: for if the Bod 5 5 
the Body F towards the Part E, again will be 
equally compelled by the Body F towards the con- 
trary Part; and therefore the Bodies will rebou 
from each other. And fo we have demonſtrated after 
what manner it happens, that Bodies after the Im- 


. "— 
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do not either reſt, or move conjointly together, 

t by rebound ing from one another, they move with 
different Velocities, ſometimes towards the contrary 
Parts, and fometimes towards the ſame. 

Tux Cartefians, who were ignorant of the Force 
of Elaſticity to reflect Bodies, having given a quite dif- 
ferent Cauſe of Reflection: for they ſay, that Motion 
is not contrary to Motion, but its Direction to its Di- 
rection; and therefore one Body ſtriking againſt an- 
other, is reflected, becauſe the Motion of the Body 
that gives the Stroke cannot be deſtroyed, ſince ac- 
cording to them nothing can be contrary to Motion: 
but fince the Direction of one oppoſes the Direction 
of another, they will have it, that the ſtriking Body 
after the Impulſe mult be 2 towards the con- 
trary Parts, the Quantity of Motion remaining the 
ſame in the Body that gives the Stroke, and in that 
which received it. 

Bur it is eaſy to ſhew, that this Notion is nei- 
ther agreeable to Reaſon or ience: for fince 
the Momentum or Quantity of Motion conſtitutes 
that Force er Energy wherewith the moving Body 
tends according to its Direction, if two Bodies di- 
rectly meet each other, the Forces impreſſed accor- 
ding to their contrary Courſes, will be contrary: ſo 
that if they are equal, they will mutually deſtroy 
each other; if unequal, the Motion that is of the 
leſs efficacy, * be — 3 8 one Body 
ſtriki inſt a greater Body at „or moving 
— the ſame Parts, is reflected; but 
this cannot be done only by reaſon the Direction is 
contrary to the Direction: 


for if the Body B ſtrikes a- £ 5 
gainſt another greater Body C 
A, that is either at reſt, or __ Sf 


moves flower towards the en Row 
ſame Parts; fince all the Force this is. found by bath 
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the Bodies, tends towards C, that Force can never 
direct the Motion in both the Bodies towards the 
contrary Parts. For [by the ſecond Law] all Motion 
is performed according to the right Line, wherein 
the Force is i ed; but [by H is] all the 
Force is impreſſed according to the right Line B C, 
from B towards C: wherefore if the Reflection of 
Motion was only made by the Force that is innate in 
Bodies, without a new Force, there would be cauſed 
a Motion in a Courſe that is contrary to that where- 
in the Force is impreſſed; which cannot be. There- 
fore that Reflection does not ariſe from the Force 
firſt impreſſed, but from an Elaſtick Force, with 
which both the Bodies are endued, and which equally 
acting both ways, compels the Bodies to rebound 
from one another. | 
BEST DRS, if Motion was not contrary to Mo- 
tion, it — be much eaſier to direct a Body that 
is once in motion, towards the contrary Parts, than 
to ſtop it quite: for in the firſt Caſe, the Motion of 
the Body reflecting on one's Hand is not received, but 
only turned towards the contrary Parts; but in the 
latter Caſe, all that Motion is employed on the re- 
fiſting Body, which yet is contrary to manifeſt Ex- 
perience. Laſtly, if nothing was contrary to Mo- 
tion, where-ever any Body hit againſt any Obſtacle, 
there will always be a Reflection, which is neverthe- 
leſs contrary to Obſervation: for Lead, Clay, War, 
and other Bodies that have ſcarce any . in 
; 
Ivory, 


them, if they fall on the Pavement, are not 
when Balls made of Wool or Feathers, 
arble, or Glaſs, and other the like Bodies, which 
are very elaſtick, are thrown againſt the ſame Pave- 
ment, they ſtrongly rebound : That Refleftion there- 
fore does not from the Motion that is com- 
mon to all Bodies, but from an Elaſticity which is 
2 peculiar to reſiecting Bodies: * Which was to 
Wn. * b 


. ur 


ak 
* 
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Bur perhaps the Car 
conie to know that Balls 


the leaſt do be i. 


_ this matter may be A | 
Fon let there be two Balls either of Ivory or * 
Glaſs, and if their Figures were perfectly ſpherical, 
they would touch one another in one only and that 
an indiviſible Point; but this cannot be done by any 
human Art: yet they may be made fo nearly ſphe- 
rical, that they ſhall touch one another in a phyſical 
Point, that is, in the leaſt viſible part; Now if the 
Superficies of one of the Balls is ſtained with Ink (or 
with any Colour that is eaſily wiped off) and another 
Body impinges on it at reſt, it will appear from the 
t, that not only a phyſical” Point of the 
Ball that ſtrikes ſt 8 other, will, after the 
Impulſe be ſtai with the Colour of that other 
( aquaicis gs cranged 
could not he, un were c 
by the Farce of the Mkr: but after the Reflection, 
we find that both the Halls have recovered their firſt 
Figure. W herefore the Balls have an elaſtick Force, 
hereby they. are able to recover their former Figure 


ther wn ens E. D. 
Now 2 * Ma ablerved by 
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3 THEO R. XXIX. 

Ir two perfettly Elaſtict Bodies impinge on one another, 
. their relative Velocity will be the ſame before and after 
| the Impulſe ;, that is, the perfectly Elaſtict Bodies will 

recede from each other after the Stroke, with the ſame 
Celerity, wherewith they firſt approached one another. 


Fox [by Cor. Theor. 27.] the compreſſing Force, 
on the Magnitude of the Stroke in given Bodies, 
ariſes from the relative Velocity of * Bodies, and 
is roportionable to it; and [by Def. 11. rfectl 
Elaſtick Bodies reſtore themſelves to 1 4 
Figure by the ſame Force, whereby they were — 
preſſed: that is, the reſtoring Force is equal to the 
compreſſing Force, and therefore is equivalent to the 
Force wherewith the Bodies approach each other be- 
fore the Impulſe. But Bodies are compelled to ſepa- 
rate from one another by this reſtoring Force, whence 
this Force acting on the ſame Bodies, will produce 
a relative Velocity equal to that which they had at 
firſt, or it will make the Bodies to recede from one 
another with the ſame Velocity where with they at firſt 
approached each other. Q, E. D. 

Cor. THEREFORE in equal Times taken before 
and after the Impulſe, the Diſtance of the Bodies from 
one another will be equal; and conſequently in the 
ſame Times, the Diſtances of the ies from the 
common Center of Gravity will be alſo equal. 

FROM l the Rules of —_— in the 
Congreſs of perfectly Elaſtick Bodies may be eaſily diſ- 
covered; which we ſhall change do in the follow- 
ing Problem. . . 

i P R OBL.. iin. 

To determine ibe Rules of Congreſt in Bodies that are per- 

fettly Elaſtict, andwhich doi ly on one another. 


Wr ſhall give at once che Fonſtruction of all the 


Cafes of this 1 * n 


, © v i * 
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"th Intradafticn ts © 
Elaſtick Bodies, whoſe common Center of Gra- 
d let the Bodies meet in D; make 
EA en nk the Ve e he 
- right Line E A will elocity | 

y A from E towards A, and the right Line E B 
Velocity of the moving Body B from 


Demonſtration. Stu cs [by Theor. 23.] the com- 
mon Center of Gravity of the Bodies before and after 
the Impulſe, pi s always uniformly with the 
ſame Velocity, in the Time equal to that wherein 

Length A D is 
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Cor. 4. Ir the equal Bodies A and B 
towards the contrary Parts, (as in Fig. 8. 
after the Impulſe recede towards the 
with interchanged Velocities. For by reaſon 


CB and (ECD, it will be AC—C 
is, AE = CB — CD or BD; and therefore 


AD = Ez; but A D was the Velocity of the Body 


A before the Concourſe, and E B is the Velocity of the 
Body B after the Concourſe, whence the Corollary is 
evident. 

Bu T ſince Calculation is always uſed in Practice, 
we ſhall here deliver a Method, whereby the Celeri- 
ties of Elaſtick Bodies after the Impulſe may be inveſ- 


and B to be moved towards the ſame Part; and let 

C be the Velocity of the following _y_ = 

the Velocity of the ing Body B: whence 
* Ine 


dies will be C—c, and the 
E) D Sum of the Motions towards 
| the fame Part AC+ Bc. 


Let the Velocity of the Bo- 
Impulſe towards the ſame Part, as 
x; and becauſe the relative Velo- 
ies both before and after the Con- 
is the ſame, the Velocity of the Body B will 


be x + C— c: for the relative Velocity of the Bo- 
dies is equal to the Exceſs of the Velocity, whereby 
the Velocity of the ſwifter Body exceeds that of 


g the 
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the flower, ſo that the Exceſs ought to be C — c 
dut ſince the Velocity of the Body A is æ, its Mo- 
tion towards the Part D will be A x; and ſince the 
Velocity of the Body B is x + C-, its Motion 
towards the fame Part will be B x +BC—B%c 
and the Sum of theſe Motions will be equal to the 
Sum of the former Motions, that is, it will be 
Ax+Bx +BC—Bc=AC—+Bc: whence by 
reducing this Equation, it will be Ax +Bx= A C 
—BC-+2Bc;and x=*E—=BC+2Bc = the 


A-+B 
Velocity of the Body A. Moreover, the Velocity 


of the Body B is = x +- C — . 
A+B 
AC—BC+2Bc+AC+BC—Ac—Be 


A+B 


+ C—c = 
2 AC EEE 


Ir BC. is e than AC +2 Be, x or 
DEE < will be a negative Quantity ; ſothat - 
the Velocity of the Body A in that caſe will be to- 1 
wards the contrary and its Motion towards D F 
will be negative. the Body B is at reſt, that is, 
if c o, the Velocity of the Body A after the Im- 


pulſe will be + A © => forwards or backwards, a 


che Now let x be the 
the Impulſe; its Mo- 
py will be A x, 

B will bex-+C-+c, 
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the Stroke) and the Motion in the Body B towards 
D will be B x<+BC-+ Bc; whence the Sum of 
the Motions towards the ſame Part will be A x +- 
Bx +BC-+ Bc, which [by Theor. 14.] will be= 
AC— Bc: fo that it will be Ax BT AC 


BC—2Bc, den DESC B, the Ve- 
A+B 
C—2Bc 


locty of the Body B will be = _— 
AC—BC— 2Bc+AC +Ac+BC+Be 2AC+Ac— R 
_ AFB mie 7 
Is BC-+ 2 Bc is greater than A C, the Motion of 
the Body A will be backwards; namely, towards 
* 1 AC—BC—2BC 
conttary Part: in which caſe x or IT” 


will be a negative Quantity. 

Tux firſt, as I know of, who gave the true Laws 
of Motion in hard Bodies, was Dr. Jobn Wallis, the 
famous cavilian Profeſſor of in this Uni- 
verſity, which he did in the Philoſophical Tranſactions 
Ne 43. where he alſo ſhew'd the true Cauſe of Reflec- 
tions in other Bodies, and proved that they proceeded 
from their Elaſticity. Not long after, the famous Sir 
Chriſtopher Wren, and Monf. Huygens, imparted to 
our Royal Society the Laws that are obſerved by per- 
fectly Elaſtick Bodies, and gave the fame Con- 
ſtruction, tho* each was ignorant of what the other 
had done. But ſince they publiſhed in the Philoſopbicat 
TranſaFions, the Conſtructions and Laws of Motion 
without any Demonſtration ; we have thought fit to 
take thence their very elegant Conſtruction, and to de- 
monſtrate ir. 


ArTER a not unlike Method is conſtructed the 
Problem in ſuch Bodies as are indeed Elaſtick, but 
which do not reſtore themſelves with a Force equal 
to that whereby they were compreſſed. For let 


there be any two Bodies A and B, whoſe common 
Centet 
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Center of Gravity let be C; let AC, BC, be fo cut 
in a and J, that A C is to à C and B C to s C, as the 


AD & Ch D 
— 


* — — 
21 
Force compreſſing the Elaſtick Body 


to 

whereby it reſtores itſelf: and let CE be equal to 
CD, E will be the Velocity of the Body 
the Impulſe from E towards a, and E þ will b 
Velocity of the Body B from E towards D. 

Bur if the reſtoring Force is equal to the com- 
preſſing Force, the Point @ will coincide with A, 
and the Conſtruction returns to the former. The 
Demonſtration is eaſy to any one that underſtands 
the preceding, nor is it neceſſary to add it here, 


THEOR. XXX. 
Ir & Body A is moved uniformly in the right Line A B. 
and in the mean while that right Line AB is carried 
always parallel to itſelf, 2 le Mo- 
tion according to a Direction that is parallel to A C; 
and let the Velocity of the Body A be to the Velocity 
the Lie AB A AB to AC, and let be compleated 
the Par ABDC. whoſe Diagonal let be 
AD: this willhe 1 1 
A in its Matias. 
 Wurwthe Tic AB ſhall come to the Situation 
ab, let g be the Place of the Body A; and becauſe 
(by T 6.] the Spaces deſcribed in the ſame Time 
as the din as 2 4, poem over by 
25 Body A, lde tee A e pr Wat, ch 
over by s Line AB, >. rs A to the 


Velocity of the right Line AB, that is ly * 


O 2 


UW nt 
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fis] as AB to AC: whence the Parallelogram «a G 
will be ſimilar to the Parallelogram CB, and con- 
ſequently (by 24 El. 6.] the Point g will be placed 
in the Diagonal AD; that is, the Body A will be 
always found in the right Line AD: fo that this 
Line will be paſſed over by it. Q. E. D. 
Cor. 1. Tax Line AD will be deſcribed by the 
moving Body A in the ſame Time, wherein, without 
the Motion according to AC, it would paſs over the 
Line AB; or wherein, without the Motion according 
to AB, it would deſcribe the right Line AC. 
Cor. 2. Sine the moving Body is therefore car- 
ried in the right Line AD, beſide its own 
proper Motion, it likewiſe partakes of the Motion 
of its Place, or of the right Line A B, and its Mo- 
tion is compounded of both theſe; if any moveable 
Body has two Motions impreſſed on it at the ſame 
time, according to the Directions AB, AC; and 
thoſe Motions, or the Forces w they are pro- 
duced, are as the right Lines ABA C: AD will 
be the Line deſcribed by the moving Body, that re- 
| ceives the Motions impreſſed by theſe Forces, 
and its Force, w it is carried in the right 
Line AD, will be to the Forces to AB, 
AC, as the Diagonal AD to the Sides of Paral- 
1 * AB, AG, —, 
or. 3. HzNnex converſly, if the moving Body 
RK 3 89 


led. 14. Natural Philifoply. 197 
| the Motion will be the ſame, and according to the 4 
ſame Direction, as if at the beginning of the Motion 2 

it had been impelled by two Forces at once, each 


DIN to the right Lines AB, AC, accor- 
ing to the Directions from A to B, and from A to 
C. And hence any Motion whatever, tho* ſimple in 


it ſelf, may be conſider'd as compounded of more 
Motions; and any Forces may be reſolved into o- 
thers, that are more in number, and act according 
to different Directions. 


THEOR. XXXI. 


Ir the Body A impinges obliquely on a firm Obſtacle DC, 
the Energy of the Percuſſion, or Magnitude of the ob- 
Aue Stroke, will be to the Magnitude of the Stroke that 


| 7 
the ſame Body would have produced, if it had impinge li. 
perpendicularly with the ſame Celerity, as the Sine of J 


the Able of Incidence A CD 10 the Radius. 


From A let fall on the Obſtacle the Perpen1icu- 
lar AD, if the Superficies of the Obſtacle is a Plane; 
or if a Curve, let the Perpendicular be let fall on the 

 & Plan, 
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oe 


the Obſtacle in the Point of Incidence 
comple the Rectangle D B. Now e 
ng Theor.] 1 ts Motion of the Body 


tions in A Cas the right Lines AB, A P, to AC: 
the Obſtacle does no ways reſiſt the Motion in 


right Line AB; for fince AB is DC, 
the Body moved in the right Line AB will never 


impinge on the Obſtacle DC. The Force therefe 
wherewith it impinges on the Obſtacle, is 
right Line AD: the Force therefore of the 
in the right Line AC, is to the Force w 
impinges on the Obſtacle, as ACto AD. 
had impinged perpendicularly on the fame 
Force as AC, the Magnitude of the Stroke would 
have been repreſented by AC, for the whole Mo- 
tion would have been deft royed by the Obſtacle : 
wherefore the Magnitude of the oblique Stroke will 
be to the Magnitude of the perpendicular Stroke 'as 
AD to AC; thatis, AC made the Radius, 
u the Sine of the Angle of to the Radius. 


THEOR. XXI. 


Ir @ perfetily Elaſtick Body impinges obliquely 
firm Obſtacle, it will be ſo reflected from it, 4 ibs 
Angle of Reflection ſhall 1 equal to 2 ap of In- 
cidence. 


8 
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Theor. 30.] let this Motion be reſolved into two 
others, according to the Directions. AE, AD, to 
which the Motionin AB isas AB to AE, AD: 
but fince A E is parallel to the Superficies of the 
Obſtacle, and A D perpendicular to it, or at leaft 
to the Plane touching the Obſtacle in B; that Force 
wherewith it impinges on the Obſtacle, is only that 
which is as A D acting in a Direction that is perpen- 
dicular to the Obſtacle. — make B E equal and 
parallel to A D, — ual to DB or AE, and 
compleat the Rectangle EF, which will be in eve- 
ry thing e and to the Rectangle DE. 
Since therefore the Motion as A E, according to the 
Diceftion parallel to the Obſtacle is not deſtroyed by 
the Stroke, for the Obſtacle does not oppoſe thts 
Motion; after the Impulſe at B, the Force remain- 
ing in the Body to move according to the Direction 
BF, will be as AE or BF: but from the Nature of 
Elaſticity, a Body impinging on an Obſtacle with a 
Force as E B according > 0 Direttion E B, is re- 

flected with the ſame Force according to the ſame 

Direction; the Motion therefore of the Body at the 
Point of Incidence B is. of the Motion 
as BF according to the Ii BF, and the Mo- 3 
tion as BE according to the Direftion' BF. Where. 
fore [by Corol. 2. Theof. 30.] the Body will be moved 3 
in the right Line B C with a Force as B C: but by 
| O 4 reaſun 
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reaſon AD, CF, are equal and parallel, and by rea- 
ſon DB, BF, le Dd Re 
the Angle C B F will be equal to the Angle A B D. 
that is, the Angle of Reflection equal to the Angle of 
Incidence. Q. E. D. 


PROB L. IV. 


To determine the Motions of Bodies impinging obliquely 
after the Concourſe. | 


Lr any Bodies A and B be moved in the Lines 
AC, BC, inclined to one another, whoſe 
let reſpectively expreſs the Velocities of the Bodies 
A, B: let EF C repreſent the Plane whereby the 
Bodies are touch'd in the Point of Concourſe; on 
which from A and B let fall the Perpendiculars A E, 


A 0 


according to the Directions A G, AE; to which the 
Motion in A C is as A C to AG, AE, reſpectively; 
in like manner, the Motion of the Body B is reſolved 
into two other, according to the Directions BE, 
* Ev re. "mT 


4 r 9 R — * 
W 


, N F 


BH; to which the Motion in BC is 3s BC © 
BF, BH, reſpectively. But ſince A G, BH, are pa- 
-rallel, by the Velocities wherewith the Bodies are 
moved according to theſe Directions, they will not 
impinge on one another, ſo that the Motion accord- 


Bodies meet each other, are as AE or GC and BF 
or HC. The Motions therefore of the Bodies A, 
B, directly ſtriking againſt each other with the 
Velocities G C, H C, will be determined, [by 
Probl. 2. if the Bodies are hard, or by Probl. 3. 


if elaſtick;] and let CL be the Velocity of 


the Body A from C towards L after the Impulſe, 
which arifes from the Velocities GC, HC. And 
fince, as has been ſhewn, there remains in the Body 
a Force of moving accordi 


ing to the Direction paral- 
lel to A G, with a Velocity as A G, make C M equal 
to A G, and compleat the Rectangle LM: the Body 
A, after the Impulſe, will move in its Diagonal C N 
with a Velocity as CN, as appearf#&by Corol. 2. 
Theor. 30. and after the fame manner will be deter- 
2 L. K. Motion of the Body B aſter the Impulſe. 


THE OR. XXXIX. 


Ir a moveable Body A is drawn by three Powers by the 


means of three Strings, or by any other manner whatever 
is ſollicited according to the Direftions AB, AE, AC, 
ſo that theſe three Powers are equiualent to each other, 


® that is, if any two of them deſtroy the Effet of the- 


other, and the Body 15 moved by none of them ; theſe 
Powers will bave ameng ft themſelves the ſame Ratio, as 


ba e the right Lines parallel to their Direfions, and 


terminate by their mutual Concourſe. 


he moveable Body A is ſollicited from A towards B; 


| * 


* 1 5 þ g L 
N * 4 1 — WY N p * ge 
_— * 1 - 
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ing to theſe Directions will not be changed by the 
Impulſe; the Velocities therefore wherewith the 


Lr AD expreſs the Power or Force wherewith 


Lak 
| I 
> v.00 
: 


— 


* 


Thees. go.) the Force impelling the Body from A to- 
wards D, will be equivalent to two Forces 
according to the Directions A C, AE, to which the 
former Force acting from A towards D, is as AD to 
AC, AE, or to AC, CD, reſpectively; and in- 
verſely the Forces acting according to the right 
Lines AC, AF, and equivalent r to the 
Force ſollicutiflg the Body from A towards D, ought 
to be to the ſame Force according to AD as AC 
and AE or CD to AD: wherefore likewiſe the 
Forces acting according to the right Lines A C, AE. 
and equivalent to the Force wherewith the — is 
ſollicited from A towards P, and deſtroyi 
Effect, ought to be to the ſame, as AC, CD, 
AD; chat is, if he fame moveable Body ee 
by three Powers equi en 

to the Directions A B, A ee Powers 
will be as the right Lines A AD, 4 


ly. Q. E. D. 
. Cor. 1. Six i 
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; THEOR. XXIV. | 
Ir an e Plane, 


and is ſupported by a Power R, acting according to 4 
Dire#io9 tha * is parallel to the Plane, ſo that it does 
not deſcend that Plane; the Power R will be to 


the Weight of the Body B as the Sine o the Angle 
Inclination 22 Radius. 4 * 


Tnovon the Point where the heavy Body 
reſts againſt the Plane, draw A C Waular to 
the common Section of the Plane and the Horizon; 
from any Point of which 
A, let fall on the Plane 
of the Horizon the Per- 

icular A D, and join 
CD; A CD will be by 
Def. 6. El. 11.] the An 
of Inclination of * 


7. 
AD as - Weight of 
E D 2 ng top 
R. For the Body B is 
ſollicited ry png to. die- 
rent Directions, and placed in equilzbr A 
the firſt is the Force of Graviey gay: o<cord 
the Direction BE the 5 
is the Power R, drawing the d ng to 
Direction B R parallel to AC; but the place of the 
third Power is ned by the Reſiſtance of the 
Plane acting according to the Line B HH dicu- 
lar to it; for Re- action is always equal to Action, 
and is made towards the cajtrary Part: and ſince 
the Plane is preſſed perpendicularly by the moveable 
J. 


y => Oo o * * 0 Wa 0 * A * 
* - y 
4 PSY T _ = K pl 2 
* * * * — o edi La. 
"> „ . 
: : 
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— according to the Direction BH, and that con- | 
| Endeavour is equivalent to the Power ſollici- 1 
42 ing to BH; and fince theſe * 
three Powers are in 2quilibrio, and the moveable Bo- 4 
dy is ſuſtained by them, if F G is drawn parallel to i 
E B, meeting the right Line AG in G, the Power : 
R will be to the Force of Gravity as BG to FG) "i 
[by the preceding Theor.] but by reaſon the Tri- 4 
angle CE is rectangular, and F B a Perpendicular 4 
to its Baſe CG, it is [by 8 El. 6.] as BG to FG, fo 
is F G to GC, and as FG to GC, fo [by 4 El. 6.] 
will be AD to AC: wherefore the Power R is to 
the Force of Gravity as AD to AC, or as the Sine 
of the Inclination of the Plane to the Radius. Any 
Power therefore may be able to ſuſtain a heavy. Body 
on an inclined Plane, provided the Power is to the 
Weight of the heavy Body as the Sine of the Incli- 
ation of the Flaze to the Radlien Q. E. D. | 

Cor. 1. SiNCE the Power R hinders the Deſcent 43 
of the heavy Body down the Plane A C, and is equi- 4 
valent to its Momentum, w it endeavours to 
deſcend down the Plane; it follows. that the Force 
of any heavy Body deſcending down an- inclined: 
Plane, is to the Force wherewith it endeavours to 
deſcend in the Perpendicular, as the Sine of Inclina- 
tion of the Plane to the Radius. | 

Cor. 2. HE HE there may be aſſigned ſuch an 
Inclination of 4 Plane, that any, the ſcmalleſt Power, 
may be able to ſuſtain or even raiſe upon ack wares 
any . 8 E 8 


F. * . 
PL - 
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KSKZILAKASKABGESSLABALSLS 
' LECTURE XV. 


Of the Deſcent A heavy Bodies on 
inclined Planes, and f the Motion 
2 Pendulums. 


8 
of which, and reviewing the 
| = conſiſts the Buſineſs of the 
true Philoſophy. That therefore we may begin with 
what is moſt ſimple, we ſhall in the firſt place conſider 
that Force which is always directed toward the ſame 
Part uniformly, that is, every where with the ſame 
Tenour; and ſuch is commonly ſuppoſed the Force of 
Gravity. For though it 22 the Force of 
Gravity is not every where the ſame, but at different 
Diſtances from the Center of the Earth, * —_ 
as the of ſuch Diſtances ; yet fince the di erent 
Heights to which heavy Bodies can be thrown by us, 
are very ſmall, in iſon of the vaſt Diſtance from 
the Center of the | in ſo very little Difference of 
Heights, we may ſafely, r ſenſible Ex- 


ror, ſuppoſe the Force of Gravity to be cvery where 
the ſame. 


W ſhall therefore in this place 
tion of heavy Bodies: but we 
be performed, either in Planes 1 


treat of the Mo- 
e this Motion to 
to the Hori- 


Ro carey rec bk Wore hecical and 
cycloidal ones; or laſtly, in free and unreſi Spa- 
ces: concerning all which, we ſhall give the follow- 
ing Theorems. 


THE- 


. 
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THE OR. XXXV. 
Tun Deſcent of a heavy Body any inclined Plane, 
is @ Motion equably accelerate 452 the Velocity that 
a beovy Body falling from Ref along an inclined Plane, 


acquires in any given Time, is to the Velocity acquired 


in the ſame Time, by a beavy Body falling perpendicu- 
larly, as the Height of the Plane to its Length. 


Lr AB be the inclined Plane on which the heavy 
Body D deſcends. [By Corol. 1. Theor. 34. ] the 
Force wherewith a heavy Body endeavours to de- 


A. 


B 


of Gravy inclined Av is to the 
Gravity, namely W. it 
in the 8 a 
that of the Sine of the Inclination of the Plane to 
Radios, or as the Height of the Plane to its 
and therefore ſince the abſolute Force of Gravity 
Body D remains the fame, 3 
with it endeavours to deſcend on the Plane A B, will 


_ 
that being appli mariner, it will, by the 
ſecond Law, _ add — Increments of Veloci- 
ties, 


- - 
. 
= 
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ties, not otherwiſe 2 22 Kage 7 
ling perpendicularly. Deſcent therefore of hea- 
ea is a Motion uniformly 
accelerated. Q, E. D. 

Monz ovzx, the Increments of the Velocities of 
heavy Bodies falling in the Perpendicular, and on an 
inclined Plane, which are produced in the ſame inde- 
finitely ſmall Time, are to one another as the Forces 
wherewith they are produced: but the Forces are 
in a conſtant Ratio, namely, as the Length of the 
Plane A B to its Height A C; wherefore the Incre- 
ments of the Velocities thence ariſing, 
fame Ratio. And conſequentld, [by 12 EI. g.] the 
Sum of the Increments of one, will be to the Sum of 
the Increments of the other, in the ſame Ratio, that 
is, the Velocity of the heavy Body falling perpendi- 
cularly, is to the Velocity of a heavy Body deſcend- 
ing in the mean time on an inclined Plane, as the 
Length of the Plane to its Height. Q, E. D. 

Cor. 1. TRR Velocities ts heavy Body falling on 
an inclined Plane, are as the Times wherein they are 

uired. 

"I 2. WHATEVER therefore we have demonſtra- 
ted in Theor. 12. and its Corol. concerning Motion 
uniformly accelerated, the ſame will hold true in the 
Deſcent of heavy Bodies on inclined Planes; name- 

ly, the Space paſſed over in a given Time "by « a 
heavy Body falling on an inclined Plane, computing 
from the beginning of Motion, will be the. half of 
that, which in the Time may be paſſed over by 
a Body moving uniformly, with the Velocity ac 
quired at the laſt, Alſo the Spaces paſſed over, 
computing from the beginning of the Motion, are in 
a duplicate Ratio of the Times or Celerities; and 
the Celerities and Times are in a ſubduplicate Ratio 


of the Spaces paſſed over. 


Ce. 


— 7 


will be in the 


LOSS > i. © 
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Cor. 3. Hzwce alſo the Aſcent of a heavy Body alorg 
any inclined Plane, is a Motion uniformly retarded, 
as it is in the Aſcent of a Body in the Perpendicular, 
and it has juſt the ſame ies. 

SCHOLTIU M. 

Ir we have recourſe to Experiments, we ſhall fir d 
all things anſwer to our Reaſonings; and in Plares 
that are not too much inclined, it will be eaſy to 
make an Experiment, ſince Motions that are not 
very ſwift may be exactly meaſured: But it is the 
contrary in the perpendicular Deſcent, where the 
Swiftneſs of the Motion gives not time to make ac- 
curate Obſervations. 

Wx here ſuppoſe the Planes to be exactly ſmooth, 
and the Motion on them to be hindered by no Rug- 
gedneſs or Unevenneſs. 


. PROBL. V. 

An inclined Plane being given, to aſſign the Part of it 
which a heavy Body will paſs over, in the Time wb 
another heavy Body ſhall have fallen through a given 
Space in the Perpendicular. 

LZ IT AB be the inclined Plane on which the 
heavy Body deſcends from A ; the Length is to be 


» B. 
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aſſigned in it, which will be paſſed over by the heavy 
Body falling along the inclined Plane; whilſt in the 
mean while another heavy Body falling perpendicu- 
larly, ſhall have run over the Space AC. From the 
Point C let fall the Perpendicular CD on AB meet- 
ing the Plane in D; then A D will be the Space paſſed 
over along the inclined Plane, in the Time wherein the 
| heavy Body falls in the Perpendicular from A to C. 
For if A D is not, let A E be the Space deſcribed in 
the ſame Time that the heavy Body falls from A to C, 
which let be greater or leſs than A D. Draw the hori- 
zontal right Line C B. And becaufe by Theor. 12. in 
the Time that the heavy Body falls from A to C, or 
from A to E, it may run over twice the Length of 
AC, with an uaiform Velocity, and equal to that 
which it acquires from falling to C, [as by the Cor. 
of the preceding Theor.] in the ſame Time a Length 
double of A E may be run over, with the Velocity 
that is acquired in E; the Velocity in C, by Fheor. 
6. will be to the Velocity acquired in E as twice 
ACtotwice AE, or as AC to AE. But ſince 
AC, AE, are fun over in the ſame Time, the Velo- 
city in C [by the preceding Theor.] will be to the 
Velocity in E as AB to AC: wherefore A B will be 
toACasACto AE; but [by 8 EL 6.] as AB to 
AC, fois AC to AD: wherefore A C will be to 
AEas AC to AD; and conſequently, A E will be 
equal to A D, a leſs to a greater, which cannot be. 
Therefore no other Space beſides A D can be paſſed 
over by a heavy Body falling along the Plane A B, 
whilſt in the mean time a heavy Body falls from A 
to C. Which was to be ſhewn, 

Cor. 1. He nc E may be found the Space through 
which a heavy Body falls in the Perpendicular, whilſt 
another heavy Body on an inclined Plane runs through 
any given Length AB: namely, if from the Point 
Bro the right Line A B there be e 
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6; A 


* — 8 


dicular B C, meeting the Perpendicular in C, then 
A C will be the Space fought. 4 

Cor. 2. Ir there are two or more inclined Planes | 
AB, AE; and there is given the Space AD in the 


A B, paſſed over by a heavy Body in any Time; 
3 
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found by erecting from the Point D the Perpendicular 
DG, meeting wich the Perpendicular in G: and by let- 
ting fall from G on A E the Perpendicular G H, 
meeting the Plane A E in ; then A H will be the 
Space fought: for both the Spaces A D, A H, will 
be paſſed over in the Time that the heavy Body de- 
ſcends in the Perpendicular from A to G. 

Cor. 3. Fxou the Demonſtration of this Theorem 
it is manifeſt, that the Velocities acquired in the ſame 
Time by heavy Bodies falling in the Perpendicular and 
on inclined Planes, are as the Spaces paſſed over by 
thoſe Bodies. | 


THEOR. XXXVI. 


TE Time wherein the inclined Plane A B is paſſed over, 
is to the Time wherein the Perpendicular AC is run 

through, as A B the Length of the Plane, to AC the 
Length of the Perpendicular. 


icular CD; 
ed over, will be 


o 


FROM Cto AB let fall the Pe 
and the Time wherein A D is 


equal to the Time wherein A C is paſſed over. But 
the Time wherein AB is paſſed over, is to the 
Time wherein A C is paſſed over, in a ſubduplicate 


7 * 
= 
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Ratio of AB to A D, [by Corol. 2. Theor. 35.] that 
is, by reaſon AB, AC, AD, are continual Propor- 
tionals, the Time wherein A B is paſſed over, is to 
the Time wherein A D or A C is paſſed over, as A B 
to AC. Q, E. D. ee Ph 

Cor, HER NMH RE the Time wherein different Planes, 
AB, AD, B K, whoſe Height is the ſame, are paſſed 
over, are as the Lengths of the Planes: for the 
Timein AB is to the Timein AC, as ABtoAC; 


K A. 


— — 


and the Time in AC to the Time in A D, as AC 
to AD: wherefore by Equality the Time in AB 
will be to the Time in A D, as AB to AD. 


THEOR. XXXVII. 


Tur Celerities of heavy Bodies, on any inclined Plane, 
and in the Perpendicular, are equal, where the heavy 
Bodies ſpall deſcend from the ſame Height to the ſame 
Horizontal right Line. See Fig. Theor. 36. 


Ler the inclined Plane be A B, and the Perpendi- 
cular AC. Draw the Horizontal right Line B C. 
I ſay, the Celerity acquired in the Point B, after the 
Deſcent through A B, will be equal to the Celerity 
acquired in the Point C, after the Fall through A C. 


From the Point C let fall the Perpendicular C D on 
1 AB, 
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AB. Then AD will be the that is run over 
by the heavy Body falling in the Plane AB, in the 
Time that another heavy Body deſcends in the Per- 
pendicular through A C: and [by Cor. 3. Probl. 5.] 
the Celerity in C is to the Celerity in Das AC to 
AD, or as AB to AC. But becauſe the Celerities 
acquired in falling the ſame Plane are in a ſub- 
duplicate Ratio of the run over by the heavy 
Body, the Celerity in B will be to the Celerity in D, 
in a ſubduplicate Ratio of the Length AB to the 


Length AB, AC, AD, 
are continual Proporti B to AC: but it 
has been ſhewn, that the Celerity in C is to the Ce- 


lerity in D, alſo as AB to AC; wherefore ſince the 
Celerities in B and C have the ſame ion to the 
Celerity in D, they will be equal. 85 D. See Fig, 
Cor. of the preceding Theor. 

Cor. Hex cx the Celerities, which are acquired 
by heavy Bodies falling from the fame Height to the 
ſame Horizontal right Line, on Planes inclined after 
any manner, are equal amongſt themſclves z for both 
the Celerities, namely, that which is acquired in the 
Point B, after the Deſcent through AB or BK; 
and that which is acquired in the Point D, after the 
Deſcent through AD; is equal to the Celerity ac- 
* Body from A 
| £9) * 


THEO R. XXXVIII. 
Ir from the ſame Height a moveable Body deſcends with 
an uninterrupted Motion through any Number of conti- | 
guous Planes A B, BC, CD, it will always at the 
concluſion acquire the ſame Velocity; namely, that which 
is equal to what is acquired by failing perpendicularly 
from the like Height. * 
 Trroven A and D draw the Horizontal right 
Lines HE, DF, and produce the Planes B C, on 
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F 


| meet with HE in the Points G and 
E. i Corol. Theor. 37.] the ſame Celerity is ac- 
oint B, by deſcending through A B, 
y had deſcended through BG : 
but we 12 the Flexure at the Point B, not to 
hinder the Motion of the heavy _ but only 
change its Direction; ſo that in the Point C 
ſame N will be acquired by deſcending 
AB, BC, as if it had deſcended through 
t by deſcending through G C, the fame 
uired, as the heavy Body would have 
ling through EC; fo 4 ſince the 
is not ſuppoſed to diminiſh the Ve- 
** Body, it will have the ſame Ve- 
as if it had deſcended through the 
hs Perpendicular E F. 2 E. D. 
N CE it appears, that a movcable Body 


4 the Circumference of a Circle, 


E 
1 
3 7 
Fl 
FF 


ways acquires ity 
deſcended directly in che . from che 
lame Height. 

P 4 1 Cor. 
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Cor. 2. Bur if a heavy Body, after its Deſcent 
through A B, BC, CD, or through HD, ſhould 
turn its Motion upwards; it would aſcend to the 
ſame Height from whence it fell, through a . 


clined Planes: for ſince Gravity always acts wi 
ſame force in the ſame Plane, whether the Body 
aſcends or deſcends, its Efficacy will be the ſame to 
diminiſh the Velocity in the Body in its Afcent, as 
to increaſe it in its Deſcent; therefore the Decre- 
ment of the Velocity in the Point C, whilſt the 
moveable Body aſcended from D to C, is as great, as 
was the Increment of the Velocity acquired in the 
Deſcent from C to D: and conſequently the Velo- 
city in C will be the ſame after the Aſcent 
CD, as it was before in the ſame Point, after 
Deſcent through AB, BC. In like manner, the Ve- 
locity in B after the Aſcent through CB is the ſame 
with the Velocity acquired in the Deſcent through 
AB or BG. So alſo Gravity will take as much from 
the Velocity of the Body in aſcending through BA, 
as was acquired in the Deſcent through AB; and in 
the Points that are of an equal Height, the Velocity 
of the Body will be always the ſame, but the Velo- 
city in the beginning of the Deſcent, namely, in the 
Point A, was nothing: ſo that by aſcending, at that 
Point A all the Velocity is taken away; which Point 
therefore will be the Boundary to which the move- 
able Body by aſcending will arrive. 

Car. 3. Ir a moveable Body deſcends through any 
Superficics AB to its loweſt Point B, and afterwards 


Lect. 13. Natural Philoſopby. 


217 
aſcends by the Velocity acquired in the Fall, through 


the ſimilar and equal Superficies BC; it will aſcend 
and deſcend in equal Times through equal Spaces. 


THEOR. XXXIX. 


Ir the bigheft Point A, or loweſt B, of a Circle 
Le nar ty op be end ie Sous ay fav dns 
Planes AC, BC, to the Circumference ; the Times of 
the Deſcents through thoſe Planes, will be equal to the 


c 
#brough the Diameter. 


Lzer a Body fall from A to C, on the Plane 
AC; I fay, the Time ere trough the Diane AC is 
equal to the Time of Deſcent th 
ter AB, For the Angle ACB in 


2 right one, [by 31 X ,} cone Bos Co 


3332542751 
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but (by 


Deſcent through BC is to 
in the ſame Ratio of BC to 


f 
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the Diameter AB is deſcribed a Circle, all the 
Pls drawn from the Point B, or from the Point A 
the Circumference of the Circle, will be run over 
the ſame Time: namely, the Planes AB, CB, 
B, FB, GB, will be paſſed over in the ſame 


ime. 

Cor. 2. Ir in the higheſt Point A, any number of 
Circles, ABD, AGK, touch each other; and any 
number of Planes proceed from A, as AB, A C, AD, 


to 
in 
D 


B, E 
T; 


A E, interſecting the Circles: the Parts GE, HB. 
LC, K D, will be paſſed over in an equal Time, if 
the Motion is begun at the higheſt Point A. 
THE OR. XI. 
Ir two beovy Bodies deſcend in two or more Planes, in- 
clined alike, and proportional; the Times+ſpent in un- 
ring through them, will be in a ſubduplicate Ratio of 
the Lengths of the Planes. ah what wi 


Lex T any heavy Body 
AB, BC, but another heavy 


are equal, as are alſo BGA, EH D; and A is to 
B Cas DE to EF. I ſay, the Time wherein A B, 
BC, are paſſed over, to the Time wherein D E, 
E F are paſſed over, has a ſubduplicate Ratio of the 
Planes A B, B C, to the Planes D E, EF. By reaſon 
the Triangles A BG, DEH, are equi angular, AB 
is to DE as BG to EH; but, by Hypotheſis, as 
ABtoDE fo is BC wEF, 2 
E H ſo is B C to E F; and fois [by 12 El. 5. ] GC 
to HF. But becauſe AB, DE, are inclined alike, 
they will be paſſed over juſt after the ſame manner, 
as if they were Parts n ſo that the 
Time of Deſcent through A B will be to the Time 
of Deſcent through DE, ina ſubduplicne Ratio of | 
AB to DE; and the Time of Deſcent t 
G C is to the Time of Deſcent through H F, in a 
ſubduplicate Ratio of GC to H F, or in a ſubdupli- 
cate Ratio of AB to DE. But the Time of De- 
45 through GB is to the Time of Deſcent 
in a ſubduplicate Ratio of G B to H E, or A3 
0 DE Wu 19 El. 5. ] the Time of Deſcent | 
after the Deſgent from G 
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Cor. Ir there are two curve Superficies AB, DE, 
ſimilar and fimilarly poſited, theſe very little differ 
from an infinite Number of Planes, infinitely ſmall, 


D 


A 


E 


B 
and ional, and inclined alike to one another; 
ſo that the Time of Deſcent th the Superficies 


AB, will be to the Time of nt through the 
. 


PRO BL. VI. a 
Tux Space AB being given in am inclined Plane, and 
which is over in a given Time by | 
falling from reſt ; to find a $ | 10 HOWS 
Plane BG, that will be paſſed over in an equal Time, 


| by the henry Body continuing its Motion along this ſe- 


$ 
=Q y : Tn ROUGH 


= 
: : 
** 8 
. - Nr . 
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TRAR ROUGH A draw the Horizontal right 
A E, and produce BG to E; make BD 


AB, and take E C a third proportional to right 
Lines EB, ED. Then B C will be the Space in the 


that is, as E B to ED; but EB is 
over in the Time as E B; fo 


the Space that is paſſed over in the Time 

and conſequently B C is the Space that is paſſed over 

in the Time as DB or A B, after the Fall from E or 

A. Which was to be found out. . 
PRO BL. VII. | ; 

Tux Space A B being given in an inclined Plaue, which 

i paſſed over in a given Time by a heavy Boch falling 


om reſt ; as alſo the Space B C in another contiguous 
Plane, wherein the heavy Body continues its Motion: 
to find the Time wherein that given Space B C will be 


TxROUGH 


<4 
1. ” 
E. > 
3 
4 * 4 
0 


* 
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TrrouGHn A draw the Horizontal Line 

which {let BC meet produced in E: betwixt 

EC, let E D be a mean Proportional. And 

repreſents the Time wherein AB is paſſed over, 
_ 


A. 


= 


to 
the Time of Deſcent through E 
be as the Time of Deſcent through B C. And con- 
ſequently the Time of Deſcent through A B, will be 
„ 7 aac as AB to 

E. I. 

Cor. Hzncs if a heavy Body is carried ſucceſſive- 
ly through many inclined Planes A B, B C, C D, the 
Time may be aſſigned, wherein it will be moving 
through each of them: for produce B C. CP, that 
they may meet with the Horizontal right Line drawn 
through A, in the Points E and F, and let EG be 
a mean Proportional betwixt E Band EC; as FH 


D 


betwixt FC and FD: And 1 
= Deſcent throug 

Time Cent 

the Time of Deſcent throug 


2 * * 
2 


FS 
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vity along the ſpherical Superficies CAD, if that 
Superficies was y hard and ſmooth. For we 
poſe the Motion out he Point B to be intirely 
free, and we abſtract from the Conſideration of the 
Air's Reſiſtance, which in heavy Pendulums is very 
inconſiderable : if the Pendulum is carried to the 
Situation BC, and let fall from thence, the heavy 
= in deſcending will deſcribe the Arch CA, and 
Point A it will have that Velocity which is 
acquired by falling through C A : with which Velo- 
City it will endeavour to go out by the Tangent in 
the mm 2. 8 the firſt Law.] But ſince it is by 
the String A A 1 CAD, it 
1 the Arch A D to the fame 
Height, namely, - D, with that from whence it 
fell, = Corol. Theor. 37.] where having loſt all its 
Velocity, it will again begin to deſcend by its own 
_ z and in the Point A it will acquire the for- 
4 wherewith it will aſcend to C: and 
ſo | by aſcending and deſcending, it will perform 
continual Vibrations in the Circumference CAD. 
And if the Motions of Pendulums met with no Re- 
ſiſtance from the Air, and if there was no Friction at 
the Center of Rotation B, the Vibrations of Pendu- 
lums would never ceaſe ; but from theſe Cauſes, the 
Velocity of the Pendulum in the Point A 1s a little, 
tho* very inſenſibly diminiſhed in every Vibration; 
whence it falls out, that the Ball of the Pendulum 
does not return preciſely to the ſame Point, but the 
Arches which it deſcribes conſtantly become * 
till at length they grow inſenſible. ; 
THEOR. XII. | 
T n 8 fall Vibrations of the ſame Pendulum, tho* they 
ſhould be unequal, are * and ta Senſe performed in 
the ſame Time. ; 
LIT A B be a 8 which by Vibrating de- 
nan. unequal enn. FB G; I ſay, the 
| Q Times 


Wir 17 810 Fly 


! 


1 1 4 
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than the other, they will obſerve equal Times 
in their Vibrations; ſo that in a hundred Vibrations 


there will ſcarce be the Difference in Time of one 
Vibration, | 


THEOR. XL. 


Tu. 1 Durations of the Vibrations of two Pendulums, de- 
fimilar Arches, are in a ſubduplicate Ratio of 
the Lengths of the Pendulums. 


L r there be two Pendulums AB, CD, vibra- 
* in ſimilar Arches EBF, GDH; the Time of 
ibration of the Pendulum AB will be to the 


Time of a Vibration of the Pendulum C D. in a ſub- 
Ratio of the Length AB to the Length 
or becauſe dhe Arches E B, GD, are fimilar, 

= the Time of Deſcent 
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Pendulum in the Arch E BF vill be to the Time of 
Vibration of the Pendulum in the Arch G DH, in 
a ſubduplicate Ratio of E B to GD; that is, by rea- 
ſon the Arches EB, GD, are ſimilar, in a fubdupli- 
cate Ratio of the Semidiameter AB to the Semi- 
diameter CD, or in a ſubduplicate Ratio of the 
Length of the Pendulum A B to the Length of the 
Pendulum C D. 9, E. D. 

Cor. T x Lengths of Pendulums are in a duplictae 
Ratio of the Times wherein the Vibrations are per- 
formed. 

SiNncE the Durations of the Vibrations are reci- 
procally as the Nurnber of Vibrations in 
the ſame Time, there may be eaſily found from a 
given Number of Vibrations that are performed by 
a Pendulum A B of a known Length in a given Time, 
the Number of Vibrations that are performed in the 
ſame Time by any other Pendulum C D of a known 
Length; by taking a Number that is to the Number 
of Vibrations of the Pendulum A B, in * — 
Ratio of A B to CD, or as AB to a mean 
tional betwixt AB and CD; or as the ſquare Root 
of a Number whereby of 
Pendulum A B, to - the 
whereby is expreſſed the Lin 
CD. And alternately from the 


| the Subtenſe of the Arch which it has deſcribed in its 
* Deſcem. | ck 
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LzT AB be a Pendulum, which by its Motion 
the Circle BDCG; I fay, the V 


deſcribes 
acquired by falling from D to B, is to the Velocity 
Te An 


B by falling from C to B, as the Chord 
rch BD, to the Chord of the Arch BC. 
Through the Points D, C, draw the Horizontal right 


G 

[NJ F 
A 8 
2 
E 2 o 

5 
W 4 
A 2 


Lines DE, CF; and the * Ge Body 
acquires by deſcending through E B fy 2 dn 
Velocity it will acquire in its Deſcent through G B, 
in a ſubduplicate Ratio of EB to GB, that is, by- 
reaſon EB, DB, G B, are continual Pr bene 2 <4 
as DB to GB. By the fame reaſon, the Veloci 


acquired by the moveable Body, in falling 
G B, is to the Velocity 
FB, as GB to CB. 
Velocity 
Body 


ow — 1 Fall und age e 
Equality, 


A de De — of the heavy 
EB, vill be to the Velocity acquired 
23 in 
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in the Deſcent EE Dan Ge but the 

Volocky acquired in the Deſcent through 

2 Luca d in the 
Perpendicular EB; and the Ve ac- 

ired in the Deſorg through the Arch CB, L the 

Fae wth ne 


be to the Voc acquired in the Deſcent through 
the Arch CB, as the Subtenſe DB to the Subtenſe 


heavy Body from G be GB; 
upon which, as a Diameter, let be deſcribed a Semi- 
circle GDCB, and from any Point of the Diameter 
E let be erected the Normal ED, meeting the Cir- 
cumference in D, and let be drawn the Chord GD; 


Q 


D 


C 
B 


this will be as the Velocity by the heavy 
oy in __— Hehe GE: 2 by reaſon 


heavy Bodies, in falling through 
G F, are as the Chords G D, GC. 
. 1 B 1, Bz, Bz, Sc. are taken 
a manner, that their Subtenſes are as 1, 2, 3, 
a certain Force acting on it, 
com Pendulum to move upwards 
the Arch B 1, but another Force make it 
B 2, and another through 
t ities of the Pendulum put in 
motion by theſe Forces, will be in 1 


as 1, 2, 3. 

B y the help of this Theorem, various Velocities 
in any given Ratio may be communicated to a move- 
able Body; and other Velocities acquired by the 
Percuſſion of another Body, may be compared a- 

chemſelves, and with others that were given 
at the beginning. 


: 


F 


a 
1 
- 
FL 


Ur 


; 
: 


- 


may touch 
and Inter- 
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— 
5 
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G 
227 
2 


able Bodies F and G will 
and towards the a 
it will be eaſy to try by Experiments the Rules of 
Motion as well in hard as elaſtick Bodies, which we 
have demonſtrated in the 13th and 14th Lectures. 
Since the very ſmall Vibrations of theſe Pendu- 
lums are nearly of equal Duration, altho* the Arches 
they deſcribe are z hence the great Monſ. Huy- 
gens has ſhewn the vaſt Uſe of Pendulums to regulate 
the Motions of Clocks. For although Gallileo, the Au- 
thor of this Science, firſt made uſe of Pendulums in - 
Aſtronomical and Philoſophical Obſervations, which 
require an accurate Meaſure of Time; yet Huygens 
firſt adapted Pendulums to Clocks, and proved by 
Experience that ſuch Clocks were far more correct 
'than the former, which were by Horizon- 
tal Ballances. From that time theſe . 


a 


X a 
F b N 
* 
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Clocks have been in common uſe, whereof ſome have 


been fo made, that give the Mea- 
Ture of Time much more than the Sun, 


which ſhews on or relative Time, bur 
not IS SS: wi + happens, that 


Pendulum Clocks ſhew at Times the Hour different 


Time: nor does the Sun and Pendulum Clock ſhew 
the ſame Point of Time, except four times a year. 
AL THOU GH the Vibrations of the ſame Pendu- 


eq 

they are not altogether and geometrically "fac, but 
the greater are a ſomewhat longer time in 

than the leſs, and the Vibrations differ from each 
other a ſmall Quantity in Time; from many of theſe 
very ſmall Difivences — there do ariſe a fn. 
cient large Difference, and this 1s found to. be ſo by 
Experience: For if, as it ſometimes happens in cold 
Weather, the Wheels are clogged, ſo that they com- 
municate a leſs Force to the Pendulum, the Vibra- 
tions become leſs, and the Time ſhewn by the 
Clock is too faſt; if the Wheels are too glibe, and 
force the Pendulum to deſcribe larger Arches, then 
the Times are pointed out too ee 
late Experiments mentioned in ofc ranſ- 
attions, it a that the Pendulum of a Clock 
in vacuo, the Reſiſtance of the Air being tu 
removed, its Vibrations in larger Arches, 
and took up more Time in each Vibration. Where- 
fore that Vibrations of a Pendulum might be re- 
duced to an exact Equality, and that its Reciproca- 
tions, whether performed in greater or leſs Arches, 
might be made in equal Times; Monſ. Huygens found 
out a Method, whereby the Ball of a * 
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de always carried along the Arch of a Cycloid. We 


ſhall now demonſtrate in the 
that the Times of Deſcent 1 


the Times 11 
* 


u. dc c 


will be exactly equal amongſt themſelves, 
the Pendulum deſcribes greater or leſs Arches. 


T HE OR. XLIV. 


Ir with the Center C, and any Interval C A, there is de- 
ſcribed the 3 of « Circle AHB, and in the 
right Line AC @ moveable Body deſcends with this 
Tow » that its Velocity in any Point P ſhall be always as 
PL, the Sine of the Arch AL; the Time wherein the 
Body deſcends from A to C, will be equal to the Time 
wherein it might run through the Circumference 
AH B, with a uniform Velocity as C B, which is ac- 
quired at the laſt by the falling Body. Beſides, the 
Time of the Fall through any Space A, will be to the 
Time of the Fall through the Space A p, as the Arch 
AH to the Arch Al; and the Force wherewith the 
Body is accelerated in any Place F, will be asF C, the 


Diſtance of that Place | from the Center. 


HC, and ſet H K be 


3 PL. PI 
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which is at laſt ac- 
ſhall have come tq 


ody 


the Velocity wherewigh the 


eloci 


the V 
the B 


2 


ſmall Line FP is run over, and 


jl be 


15 
| 


CH or CB i as 


* 


4 
He 1 
— 35 


> 
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rn, wherein the moveable Body 
ual to the Time where- 
over; and the Time 
wherein it deſcends from A to p, is equal to the 
Time wherein the Arch A! is deſcribed ; but the 
paſſed over, is to the 
paſſed over, (ſince 
ith the ſame Velocity) as 
A 1; wherefore "he Time 
F, will be to the Time of De- 
Arch AH to the Arch 
by Diviſion the Time of De- 
bay pv ee" ence the 2 


p: —_ by #4 he T. Trian 
KHL, F H C, as alſo &þ1, f C, are ſimilar; K L. 
will be to HL or % as F C to * dy wy Allo 57 
is to K / as CB to Ci and y, by Equality, 
KL vill be to 4 I 8 CF to Cy: LC hel 
crement of the V acquired whilſt the Body 
ed over FP, and I is as the Increment of the 
y's Velocity, whilſt it paſſed overin an equal Time 
the * ſmall Line fp; but the Forces where with 
the Body is accelerated in the Places F and ff, are as the 
Increments of the Velocities 
Times; . acce 


laces F and F will be as the 

2 KL 11 k 1; that is, the force wherewith a 

is urged in F, is to the "force wherewith a 

Bod? is in f, as the Diſtance G F to the 

Diſtance C The ing Forces therefore 

are in any Places as their Diſtances from the Cen- 
ter. — 

Cor. Hence converſly if a moveable Body i in de- 

ſcending from A to C is urged by a Force which is 

as its Diſtance from the Center; Tad that Foogy et 


& © 


1 


bo 4 'S = : 
* PR "=" * * 
"a 2 Ly WES * 
ok, * _ 
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Let. 15 


THEOR. XLV. 

Ir a moveable Body be ſollicited in the right Line A C to- 

wards the Point C, with Forces that are proportionable 

to the Diſtances from the Point C, from whatever 

Height it falls, it will arxive at the Point C always 

| is the ſame Time ; and that Time is to the Time wherein 

a moveable Body may paſs over the ſame way, with a 

Velocity that is uniform and to that which is 

acquired at laſt by falling, as half the Circumference 
of @ Circle to its Diameter, 


LE r two moveable Bodies be let fall at once from 
the Points A „ 


£> . 


_— Y 


C : 30”. mn 
Forces that are e to heir Diſtances 
0 «A 


| from the Point C; I fay, both the 


* 1 
. 7 


. q * hs i | h L * 
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the Arch AB, or as its Double to the Double of 
this; that is, as the Diameter of the Circle to half 
its Circumference : but the Time of Deſcent | 
the Arch AB is equal to the Time of Deſcent to C3 
NC ; herein a Body is carried through 
with a Velocity as C B, will be 
the Fall to C, as the Diameter of the 
Circumference. 
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is drawn ordinately to the Axis the right Line CE, 
meeting with the Circumference of the Circle in D; 
the right Line CD will be equal to i 
Arch GD, the Arch of the Cycloid GC 
equal to double the Chord GD ; and the Semi-cycloid 
BCG will be to twice the Diameter A 
the right Line CF touching the Cycloid in 
be parallel to the Chord DG. All theſe things 
have been demonſtrated by Dr. Vallis, and others 
who have wrote concerning the Cycloid. 
THEOR. XLVL 
In Cycloid whoſe Axis is placed perpendicularly to the 
Plane of the Horizon, and its Vertex downwards, the 
Times of the Deſcents wherein a moveable Body urged by 
the Force of its Gravity, and let fall from any Point in 
it, will arrive at the loweſt Point, are equal 
themſelves ; and bave to the Time of the perpendi 
Fall through the Axis of the Cycloid, the Ratio that balf 
the Circumference of a Circle has to its Diameter. 


LzT ACD beaCycloid, whoſe Axis is C E, ge- 

nerating Circle ECG. Since the right Line touch- 
ing the Cycloid in any Point H, is parallel to 

d the C CG drawn in the generating Circle 
placed on the Axis of the Cycloid; it is manifeſt 
4, the moveable Body in its Deſcent will be acce- 

lerated with the ſame Force in the Point H, as 

if it deſcended in the right Line GC; but the 
Force wherewith it is accelerated in GC, is to 


* 


* 
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the Force of Gravity as M C to GC: but as MC to | 
GC, ſo is GC to CE, [by Cor. 8. Prop. El. 6.] 
wherefofe the Force wherewith the moveable Body 
is accelerated in the Point H, is to the Force of Gra- 
vity as G C to CE. By the ſame reaſon, the Force 
of Gravity is to the Force wherewith the moveable 
Body is accelerated in any other Point K, as CE to 
CL; wherefore by Equality the Force wherewith 
the moveable Body is accelerated in H, is to the 
Force wherewith it is accelerated in K, as GC to 
LC, or as twice GC to twice LC, that is, as the 
Curve of the Cycloid H C to the Curve K C. The 
Forces therefore wherewith the moveable Body in 
deſcending along the Cycloid is accelerated, are as 
the Lengths of the Curve run through. Let us now 
put the right Line @ c equal to the Length of the 
Curve AC, and let any moveable Body be ſuppoſed 
to be urged with the ſame Forces in the right Line 
ac towards c, as the moveable Body is urged, in de- 
ſcending along the Curve A C; but the Forces 


wherewith the moveable Body is urged, in any Points 
H and K of the Cycloid, are as the Lengths H C, 
K C. or Be, kc: that is, the Forces in any Places are 
as the Diſtances. of thoſe Places from the Point c, 


ie Meine of the 
Forces 
are equal, the Inc ts of the Velocities will be 
alſo equal: as, for example, putting AH = 4b, the 
- Accelerations in the Points H and & will be equal, as 
the Points K and E, fo that AK is made 
and in like manper, in all the other Points of 
both Lines, which mutually anfwer to one another, 
the Increments of the Velocities will be equal: fo 
that if 
ing 


q . 
- * 4 . 
. 0 a — 
o : = * 2 — 2 Li 
: N L I as - . . 
» 7 FP ee * 5 l "0 1 1 


| * 
ts ths} _ ae 
locities acquired in deſcribing equal Spaces, will be 


equal; and the Times wherein theſe 
Spaces are deſcribed with equal Velocities, will be 
equal. Therefore the Time of Deſcent from @ to c 


is equal to the Time of Deſcent 
and the Time of Deſcent 
hto c in the right Line bc, is equal to the Time 
of Deſcent from H to C in the 1 _— 


manner, the Time of Deſcent * | 
to the Time through & c, if the l. all 
is from the Points ł, K: and fo of the reft. But the 


Time of the Fall from a to c, is equal to the Time of 
the Fall from þ to c, or from E toc; wherefore the 
Time of Deſcent in the Cycloid from A to C, will 
be equal to the Time of Deſcent from H to C, or 
from K to C. The Times therefore of Deſcent, where- 
in a moveable Body, let fall from any Point in the 
Cycloid will arrive the loweſt Point, are equal a- 
mongſt themſelves. Q. E. D. 

MorEoveR, the Time of the Fall from à to c, 
is to the Time wherein ac, or 2 E C, is paſſed over 
with the Velocity acquired at the laſt, as the Cir- 
cumference of a Ci e to its Diameter; but the 
Time wherein 2 EC is over with the fame 
A» hy raling by is Time wherein the move- 
a y, fallin its Gravity, deſcends through 
EC, the Axis of the Cycloid : whence the Time of 
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Hzxer if the Ball of a Pendulum performs its 
Vibrations in a Cycloid, whether it deſcribes greater 

leſs Arches, each Oſcillation will be always finiſhed 
equal Times. Now M. Haygens, in the third Part 
f his Horologium Oſcillatorium, hath delivered a Me- 
whereby the Ball of a Pendulum may vibrate in 
cloid or any other Curve: namely, by finding 
a Curve, by whoſe Evolution a given Curve will 
deſcribed ; then two Plates muſt be bent into the 
Curvature, betwixt which the Ball being ſuſ- 
ed by a _— of a determined Length, will 
ibe, not a Circle, but ſome other Curve. Let 
be two Plates AC B, AED, curved into ſimi- 


lar and equal Figures; and from the Point A let be 


ſuſpended the Thred of the Pendulum, which whilſt 
the Pendulum oſcillates, may be applied to the Plates 
As AED, which Ngo Bad touches: by the 
jon of the Thred to the Plates, the Motion 
1 the Pendulum in a Circle is continually prevented, 
and its Ball is carried thro* the Curve BPFD. The 
Curve AC B or AED is called the Evolute, and the 
Carve BPFD is ſaid to be deſcribed p Evolution. 
2 Curves AC B or AED ate two Semi- 
R 2 Cycloids, 


* 
— 
3 
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Cycloids, whoſe Axes or Diameters of the genera- 
ting Circles are equal to FG or AG, namely, to 
half che Length of the Pendulum; the Curve BPFD 
through which the Ball deſcends, becomes a whole Cy- 
cloid, whoſe Axis F G is half the Length of the Pendu- 
lum, as has been demonſtrated by Huygens and others. 
SINCE the Portion of the Cycloid near the Vertex 
F 1s deſcribed by the Motion of a String whoſe 
Length is AF, and a Circle whoſe Center is A, Se- 
midiameter AF is deſcribed by the ſame String; 
that Circle paſſing through F, almoſt coincides with 
the Portion of the Cycloid near the Vertex FP, and is 
of cqual Curvity with it. A heavy Body therefore 
is carried to F, through a ſmall Arch of a Circle, 
and through the Arch of a Cycloid, to which that 
Circle is of equal Curvity, in the fame Time. 
Hence again the Reaſon is manifeſt, why the 
Times of Ofcillation of a Pendulum performing ſmall 
Vibrations in a Circle, are equal: For if the Arches 
CAD, GAF, are ſmall, they almoſt coincide with 
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cloid ; wherefore the heavy Body alſo will fall in equal 
Times the ſmall circular Arches CA, GA; 
and uently the whole Oſcillations through the 
Arches CAD, G A F, are performed in equal Times. 

Taz Time therefore wherein a Pendulum per- 
forms a very ſmall Oſcillation in a Circle, is equal to 
the Time wherein an Ofcillation is pertormed 
through the Arch of a Cycloid, whoſe Axis is Half 
the Length of the Pendulum. But the Time where- 
in an Oſcillation is performed in a Cycloid, is to the 
Time of the perpendicular Fall through the Axis of 
that Cycloid, that is, through half the Length of 
the 4nd as the Circumference of a Circle to 
its Diameter. And it hence follows, that the Time of 
any the ſmalleſt Oſcillation is to the Time of the Fall 
through the Length of the Pendulum, in a conſtant 
Ratio; namely that, which the Circumference of a 
Circle has to its Diameter multiplied by the ſquare 
Root of the Number 2. 

Ir in different Regions of the Earth, the ſame 
Pendulum ſhall perform its Oſcillations in unequal 
Times, the Times of Deſcent through the Length 
of the Pendulum in- the different Regions will be 
likewiſe unequal; and where the Ofcillations pro- 
ceed flower, there alſo a heavy Body will deſcend 
flower in the P cular, and in a given Time 
he deſcribe by falling a leſs Space. And it is cer- 
iments, that in Places ſituated near the 
Equin:Qial, the Oſcillations of a Pendulum of the 
ſame Length are performed in a longer Time, than in 
Places that are more remote from the Equinoctial: ſo 
that heavy Bodies in thoſe Regions deſcribe in a given 
Time by falling a leſs Space, and are accelerated in 
their Motion by a leſs Force than in our Regions, 
which have a greater Latitude: fo that it is confirm'd 
by Experiments, that the Action of Gravity is leſs in 
ſuch Places as have leſs Latitude, than in thols that are 
nearer the Pole. R 3 Tris 


* 
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T n 15 Decreaſe of Gravity ariſes from the cæntri- 
fugal Force: For ſince from the Rotation of the 
about its Axis, every Body endeavours to recede from 
the Center of the Circle it deſcribes, by how much the 
greater thoſe Circles are, by ſo much the greater 1s the 
centrifugal Force of the Bodies deſcribing theſe Cir- 
cles; which Force therefore is always as the Sine of 
the Diſtance of the Place from the Pole, which as it 
is greateſt under the Equinoctial, is nothing at all 
under the Pole itſelf: ſo that the Force of Gravity 
is cd under the Equinoctial, but at the Pole the 
reateſt. 
es we finiſh this matter, we ſhall here 
give a Solution of a famous Problem, firft fought 
out by Gallilea, after propoſed by Jabs Bernouills to 
the Geometers, namely, in the beginning of the Year 
1696; and ſolved by the famous Geometers Sir 
Jſaac Newton, Mr. Leibnitz, James Bernouilli, the 
Marquiſs de / Hoſpital, and others. The Problem it- 
ſelf was thus propoſed. 


Given in a vertical Plane two Points A and B, to 
aſſign the Way of a moveable Body, through which it 
deſcending by its Gravity, and beginning its Motion at 
the Point A, it may arrive in the ſhorteſt Time poſſi 
at the other Point B. | 


T E above-mentioned Geometers found out, that 
this Line would be a Cycloid paſſing through the Points 
A, B, whoſe Baſe lay in the Horizontal Line drawn 
through A: to demonſtrate which, we ſhall premiſe 
the following 

"LEMMA, 


Iz Ad gBis the Line of fwifteft Deſcent, a beavy Body 
will deſcend quicker from amy Point of it d, to any other 


Point of it g, after the Fall from A,through the Curve 
#tſelf de g, than through any other way * 
OR 
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Body 


the Way A dfg B 


may 


the 
heavy 


Es 


you 


through 


Fon if 


quicker 


be 


$3 and 
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Curve of 
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call a and dh or LO, applied to de, belways pro- 
portionable to the Velocity wherewith de is paſſed 
over, that is, the Velocity which is —_—— by fal- 
ling from A to d; then this Curve 
of Faifreſ Deſcent. Let de, eg, be taken 2 
tiguous and infinitely ſmall Portions of the Curve; 
which conſequently will differ hut very little from 
right Lines: I fay, a heavy Body will deſcend in a 
lets Time through the Curve d e g, after its Fall from 
A, than through any other Way dfg. Through f 
draw fq parallel to e g. And let f q be ſuppoſed to 
over with the funie Celeriry as eg — 4 
over; md ket f n be * —— as 
g 0 fg. And by re hs 22 deb, 
are equi-angular, as de fee de is to db 


as fe to ne: ſo that it will be a2 7 alſo by 


nigra met ſom beef, 
but it s Cafe, eixfe db ei. .dbxa cixs 


ge de "ge te de 177 
chat is, 3 as the Velocity whereby me is 
paſſed over to the Velocity hr 19s fm is paſſed 
over: whence xe, fm, are paſſed over in equal 
Times. And becauſe mg is to eg, the Time 
of Deſcent through m q will be equal to the Time 
through eg; ſo that 1 TP _ 122 my 
2 to the Time through »e g 

T7 


n_ my Y 
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ay 
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the W 
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I. 


de is to 
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dbe, 
herefore 


conſequently 4 hx 


parallel to the 
ba | 


fl or a to GN; and 


dhxa 
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will differ but inſenſibly from its Tan- 


in d; ſo that it will be 
: whence the T 
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dhe, dL C, are 


i- angular, db is to de as d L to 
4 y, ĩt will be d bx dC =dexdL, 
ang 24 


iL. But by Hypotheſis d L is pro- 
portionable to the Velocity: wherefore if 4 C is called 


„Al be proportionable w the Velocity. 


Tbescias in this Hypotheſis the Portion of the Cir- 


> WET ct e AY FRO De- 
cent, {© 


Ix che Velocity in any Point be as the. 

of the Height whence the Body fell, hey ty 
called x, 4 L be; it will be d b , be =}, andde= 
L= Wherefore from the Nature of the 


: Curve, 


*S 


=== = whence — 
* | Wu* + y* * * ＋ „5 
* and * ,* af 5 09,5, and 4 5 
* = 5 and „ = f AE and x = 


88 | 
n= Which Equation expreſſes univerſally 
the Nature of a Curve, wherein a heavy Body will de- 
ſcend in the ſhorteſt Time, if the Velocity is as any 
Dignity m of the Height from whence it fell. 


LECTURE XVI. 


E have, in the foregoing Lecture, explained 
de Motions of heavy Bodies on inclined 


ENVES Planes, or curve Superficies; and their prin- 
AE: cipal Properties, as far as was conſiſtent with 
ns our intended Brevity. It now remains that 
weſpeak ofthe Phenomena of Projectiles: and firſt of all, 
we ought to find out the 1 1 2 yu 
a moveable Body projected in free unreſiſti 
will deſcribe by the Force of is Gravicy. hol 
if the heavy Body L 
or downwards, it will be moved in a right Line; and 
it is manifeſt from the former Lectures, that its Motion 
will be an uniformly retarded 'or accelerated Motion, 
as it is proj either upwards or downwards. But if 
is is projected in a horizontal Direction, or in any other 
that is oblique to the Horizon, it will be carried in a 


oy 
— 


— 


Fox 
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For let the Body be ed or caſt from A, in 
the Direction A V ; by the firſt Law of Nature, if no 
other Force acted on it, it would always in the 
lame right Line, with the ſame Velocity: ſo that it 


would deſcribe equalSpaces, A B, B C, in equal 

Let us therefore diſtinguiſh the Time into equal 
Particles; and if after the firſt Particle Time, 
when the moveable Body ſhall arrive 
Force is ſuppoſed to act on it, by one 

and to communicate to it a Motion, w 
would be carried (the other Motion bei 
away) in a Direction to the Horizon, 
through the right Line BE, in the Time 
would deſcribe the right Line BC; compleat == 
Parallelogram CBE D: it is manifeſt from 
Theor. 30. that the Body, by the Motion 
of both = will be moved 
the BD, and afterwards the projected Bo- 
dy would always proceed in this right Line, if no 
new Force turned it out of ns Pa, and it would 
in an equal Time deſcribe a Space D F equal to BD. 
But if in the Point D, the ſame Force ſhould act a- 


gain with a like Impulſe, whereby the Body _ 


, 79 | 
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be carried downwards in that Time through a Space 
ef both. the Motion of the Body, compound- 
0 


both Motions, would be through the right 
Body will deſcribe in the ſame 
11 without this new ſe, have 


7 
b 7 


Own- 
Motion 
will be 

right Line GI, which the will deſcribe 
in the fourth Panticle of Time: but in I the ſame 

Force again, the Body will be turned out of 


its right Path GL into the Direction I K; and 
this manner the projected Body will deſcribe by 
Motion the Polygon ABDGIK. But if each 
ticle of Time, wherein we ſuppoſed 
is diminiſhed in infinitum, and their 
mented : the Sides of the Polygon will be dimini 
in infinitum, and their Number will be increaſed i 
1 Polygon will be turn- 
into a Curve: that is, if the F 


rolls Be is ſuch, as, that it ſhould 
of which nature is 


1 


the Force to act, 


THE OR. XLVI. 
APaojzerz o Body, whoſe Line of Directian is pa- 


Fallel to the Plane of the Horizon, deſcribes by 2 
tion a Parabola. 


Is the deny Body is Boa fr an annie 
Force, as that of a Gun, or the like, from the Point 
A, fo that the Direction of its Projection is the Ho- 
 xizontal Line AD; I fay, the Path of this heavy 
Body will be a Semi-Parabola. For if the Air did 
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N of the Parabola. If the Point g falls i 
AB produced, which happens when the Curve 
ſcends below A B, the ſame Parabola will be the 
cus of the Point c; for (by 6 El. 2.) it is E q. 
DE =) Ag xgB+EBq =Lxcg + Ly 
DE = Lx De: which is the Property of the Para- 


. Tu E right Line L is the Latus Refum, or 
Parameter of the Parabola. 


THEOR. XLVIIL 
Tu k curve Line, that is deſcribed by @ heavy Body pro- 
AER 345 h andupwards, according to any Direction, 
is a Par 


LZ AF be the Direction of Projection, any ways 
inclined to the Horizon. Gravity being ſuppoſed 
not to act, the moving Body would always continue 
ies Motion in the fame right Line, by the firſt Law 
do and would deſcribe the Spaces A B, A C, 

» Proportionable to the Times. But by the 
Attn of Gravity it is compelled continually & de 
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the Horizontal Impetus will remain the ſame as it. 
| was at the beginning of Motion. 

Cor. 7. Ir a projected from A in the Di- 
rection AE, deſcribes the Parabola ACP; in 
Point C it will endeavour, by the firſt Law of Na- 
ture, to run out along the Tangent CG, with all 
the Velocity that it has in the Point C, and is folely 


— 


retained ne Parabolical Curve 
Gravity. if another heavy Body! 
jected the Direction CG, wi 
city chat the Body projected from A, 
Point C; that other Body will deſcribe 
rabola CP. For in the Point C, the Direction, V 
locity, and Force of Gravity of both Bodies are 
ſame; wherefore the Way of both will be the ſame. 

Cor. 8. Hence if a heayy Body is 


wards, in a irection oblique — — 


Path of the File will by Pur. of 


LI i 
e wm AD, B 
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L T the Body fall from the Point the Sublimi- 
ty of the Parabola ACF; and 24 — 
ot any other way, let the Motion 


be cha 


nged into the Horizontal one 


ribe is its Motion the Parabals A E. 
D= AG, 0 7 will be DC=2 AG. 
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Draw CB parallel to A D; and from any Point F of the 
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2 Paraboela, | Axis 95 1 "= 
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Fo it is [by 33 Lib. 1, of Afelloxius*s Conicky 
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BC q.: : 48 Ax AF: 48 Ax AF＋CFꝗ:: 46 

x AF: 4G AX AF ＋ 4A F q.: : GA: GAA 
AF or GF. & E. D. | 


THEOR. II. 


AHzr av v Body bei refed direfHly upwards, with 
the ſame fr ms Lobo another heavy Body is pro- 
jetted obliquely, will aſcend to a Height equal te d, 
Height and Sublimity, taken toget ber, of the Par 
which the oblique Prejectile will deſcribe in its Motion. 


be proj 

Impetus, 1 will be 
equal to F Para- 
bola taken the Im- 


petus of the of 
the ſame Body in Impe- 
tus acquired a ſubdupli- 
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Tun Impetus B A being given, Al. 
or the Angle of Elevation D A1 ; to find the Amplitude 
of the Projettion, its Height, and the whole Path it 
will deſcribe. 4 # 
Ds aw from A and B the Horizontal Lines Ae 
BL. Open the Diameter A B deſcribe the Sei- 
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nch erect 


fond 
Tarts AD the fourth 


] 
| AB, will deſcribe in ns, 
Parabola AMK. whoſe Heights DC or AI, and 
the fourth of its Amplitude h A D; wherefore 
converſly Projectile whoſe Direction is AC, 
fourth Bet of ins Ampligute A P, will have the Im- 
petus A B, and Height D C. E | 
Cor. 1. Hay Ez from any — Random of 
any Engine being given, and made at a given/Eleva- 
may be found the Height to which a Ball will 
if, being tive direly upwards: to wit, the Impetus 
of 7 ich in great Ordnance exceeds any 
7 Height to which any Man can come at. 


Mark,. whoſe Diſtance is known, an be ke by 
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And laſtly, the Direction and Height being given, 
find the Amplitude. So that it is to no purpoſe 
dwell any longer on theſe. . | 


PROBL XL 
I T is propoſed, to find the Ratio betwixnt the Duration of 
2 Prajecl ion made perpendicularly untmardi, and of any 
other, whoſe Impetus is the ſame. ' 
LI r AF be the Impetus of che Projetile, or the 
2 or ory ABC the Projethion 
ion AG; about the Diametes 


is equal to the 
i rpendicular B D, 
becauſe the progreſſive Motion no ways hinders the | 
Deſcent ariſing from Gravity. Sg that the Time of 
the Projection — ABC, is double the Time 
of the Deſcent through BD, or through itꝭ Equal 
EA; fo likewiſe the Time r Aſcent and 4 ck 


{cent 
through F A, or the Time of the Proqection dircctly 
- wards, is 


double the Time of Peſeent Gd 
A; wherefore the Time of the Proj ection pwarde, 
will be to the Time of the Projection in the Para- 
bels ABC, as the Time of Deſtent through F R. 
to the Time of Deſcent th 


rough E A; that is, in a 

icate Ratio of FA to EA, or, by reaſon 

F A, A, EA, are continual Proportionals, as FA 
to AG. 2, E. D. 

Cr. Taz Durations of Projections made with an 

Impetus in different Directions AG, AH, are 

in the Ratio of the Chords AG, AH. And if AF 

is made Radius, A G will be the Sine of the Angle 

AFG, which is equal to the Angle of Elevation 2 

the. Engine : fo that the Time of the Projection di- 


realy upwards, is to the Time of Projection in a 
Pani, as Radius to the Sine of the Aug of Di- 


 SCHOLIUM. 
Ar the Problems about the Projections of heavy 
Bodies made in a Horizontal Plane, are eaſily re- 
ved by the means of a PINE. Foray a9: BP 
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Lzr AK be the Horizontal Amplitutle of 
large Piece of Ordnance, elevated to the - 
C AK. . required the Height of the Pro- 


jection, and E 2 * 
B 


A. 


Triangle ADC let it de as the Radius to the Tan- 
gent of the Angle of Elevation; fo is AD, the fourth 
part of the given Amplitude, to the Height DC. 
Alſo make as the Sine of the of Elevation to 
Radius, ſo the Height found DC to AC, whieh 
therefore will be given; and in the Prian- 
gle BCA, make as the Sine * the Angle ABC 
{which is equat to the Angle of Elevation) to Ra- 
dius, ſo A C to AB the Impetus, which conſequently 


is known. _ the Impetus Pe en i given, the Time 
of the likewiſe given. 


But the Time 11 — i to 
the Fime of the Projection in AC, as AB AC, 
or as Radius to the Sine of the Angle of Elevation ; 


and conſequently the Time of P in AC 


may be known from a Table of Sines. Hence alſo 


from the Time of any Projection being given, made 
according to a given Elevation, will be given the 
Time of any A made with the ſame 
* For u the Sine of Eleration cee Pro 
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PROBL, XII. 

TRE Baſe of a Parabola, and a Paint through 
paſſes, Being given; to find the Diremian, Path, and 
Impetus of the Prajefion. 


LzT AC be the Baſe of the Parabola, and the 
Point B the Mark to be hit: from B let fall the 


which it 


" * —— : | 
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— —— BD on A C; take L. a fourth Propor- 
tiamal to the right Lines BD, AD, DC; L will be 


Zectum of the Parabola. Biſect AC in 
E ere& the 


Tee 
rA ex Pang 


| Redtum L, a Pa- 
ibed, it will be the Path of the Pro- 


| gion of gl heary Body, ar wil i will ſtrike ＋ F 
7 2b S——_ of = 


Tov muſt proceed after the fame manner, if the 
Point & is below the Horizon; for if from þ be let 
fall the P icular þd on A C produced, and Li is 
taken a fourth Propartional to bd, Ag, dC, L will 
be the Latus Reſtum of the 12 th 
Gor. A E bei; e Radius, EF or the Double 
of E. G il de the . the Angle of Eleva- 
7 that if it be made as AE, which is given, 


28 tus Bene de given che 


PROBL. XIII. 


rough 3. 


r Impetus being given, to find the Direction according 
N enn 
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through which the 
Diſtance A B from the 


the Horizontal Line A C let fall the : 
BD, in which produced take DG=2 M, and with 
the Center G and Interval G B deſcribe a Circle, 
which let the right Line BK = AB touch in B. 
From K upon BK erect the KH, 
meeting the Circle in two Points H, H: from HE 
on the Diameter LB let fall the » 
HE, and draw the right Lines oy 
will be the two Directions t: . 

emitted in the Direction en the Inpenss 
M, will paſs through the Point B. For it is A D g. 
＋ BD =ABq. a BK. EHA = (from the 
Nature of a Circle) LE x EB = LBxEB—EBg. 
=54MxEB—2DBxEB— EBA © Wherefore 

it 


will ſo 
AEq 


SAE 


N 


it is 4 


Rebel Ve 
ISO 


| A being made Radius, DE will 

haabe Tangentof me Angle E AD, that i, of the 

gle of Elevation. Wherefore if it be made as 

Proportional; the Tangent of the Angle of Direction 

will be given, according to which if the Projection 

18 An B will be hit with the leaſt Im- 
—_—_ 

Bu T that Angle of Direction is much eaſier found, 
by biſecting the Angle NAB, contained betwixt the 
Perpendicular A N and the right Line AB. For the 
right Line A E biſecting this Angle, will be the Di- 
rection of the Projection. For becauſe the Impetus 
is the leaſt of all, A B will be equal to E B; and con- 
ſequently the Angle B AE will be equal to the An- 
gle BEA = NAE, (by reaſon D E, 5 pa- 
rallel) ſo that the Direction of Projection e with 
the leaſt Impetus, will biſect the Angle NA B. 
Wherefore if to the Engine there is fixed a Looking- 
Glaſs, whoſe Plane ſhall be perpendicular to the Axis 
of the Engine or the Line of Direction; the inci- 
dent Ray BA will be reflected into the P icu- 
lar AN, and by the means of this Looking-Glaſs 
the Engine may be eaſily directed in ſuch a manner, 
as it may ſtrike the Mark with the leaſt Impetus. 
For the > uh; to be elevated wy 2 
tha; Image of. the Foint B. .mgde, on the Plane of the 


£t . Q | 
Glaſs, may be W 
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THE 


THEOREMS I. 


S 
Monf. TUN GEN S, 


9 
CONCERNING 


The CxnTzxI8UGas Forcs, and 
Circular MoTioNn, 


DEMONSTRATED. 


FE FIRSF communicated the Demonſtrations. 
el IE of be following Theorems to the Learned 
W World; for their Author publiſhed them 
without any Demonſtration. But afterwards 
tbe ſame Theorems were demonſtrated by ſome 
French- men, but not in the ſame Order; and now ati 
leagth the Author's own Demonſtrations art publiſhed in 
bis Poſthumous Pieces, which though they are indeed very 
ſhort, yet they are more prolix than ours. But fince theſe 
Theorems make uo mean Part of the Sciente of Motion, - 

"we 
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ave heve thought fit to. Join their Demonſtrations to this | 
Vert; that theCommonwealth of Learning may ſee how 


8 *I o being in- 


31. Motion —— to always — Ly in 
the ſame right Line, it is manifeſt no moving Body 
can deſcribe an Orbit in its Motion, unleſs ic is de- 
tained in that Orbit by ; 
ome Force. For ex- 
ample, kt a moving 
Body revolve with a 
-pniferm Motion in the 
 Circuraference of the - 
— — 


E 


aas 
that ſome Force continually acts, and which 
is equivalent to. the Force in A ſolliciting the Body 
towards D through a Space 10 BC. 2 in the mean 
time whilſt the moving its innate Force 
veeds through the infinitely Space A B-: F 
after this manger, by theſe Forees joined 3 
the moving Body will deſcribe the Line AC [by 
\Fheor. 30.] This Force, whether it is the Action of a 


* | Sg 


the Centripetal, as well as the Centrifugal Force, 
may be repreſented by the naſcent Lines BC or bc: 
for whilſt the Body deſcribes the infinitely ſmall 


the Centripetal or Centrifugal Force will be infinitely 
leſs than the communicated Force A B. | 


LEMMA Il. 


In à Circle the evaneſcent or infinitely ſmall Subtenſes 
- the Angle of Contafi, are in a duplicate Ratio of 4 
conterminal Arches. „ 


LI r 


M. Huygens — any 
hos the Arches be AC, Ac, 


— Tatigerit B C, Bie; draw 
meter A D, and O, n, to the Die. 
meter; and it will be BC: bc:: An: As :: Ar * 


C 
—————_ Mk 
** 
1 


3 | . ÞD | x 
AD: AXA P. But it is +226 AD: Ac 
Ac: Am, and AD: 1 7 77 225 wherefore & 


will be Aby Am="A Cq, AC: ACE LED. 
wherefore it is fo BC: bc: a8 


Cor. Hzxcz, it is BC = 3 


ren Goes Heeg has ugh 
voerſalhy demonſtrated in all Curves of the firſt Ode, 1 


THE OR. I. ng 

Is too equal Bodies in Motion run through unequal Cir- 
cumference in equal Times; the Centrifugal Force in 
the greater Circumference, will he to that in the leſs, 
as the Circumferences amongſt themſelves, or their 
Dunas 
Lux the Body in motion A run through the Cir- 
cumference A CH, and in the ume Time let the 


Body 
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Body à run through the Circumference 4 c ;-and let 
AC, tc be the infinitely ſmall Arches deſeribed in 
* lame Time. Berauſe both * —— 


» & 
"iy 
238 


= 


Hs 
SiH 
2. 


nene Where - 

Force of the Body A will be to 
1212 as the Citcum- 
en to the Circumference c b, vor as the 
Diameter of that to the Diameter of this. 

Cor. Hex cx converſly, if the Forces 
— Periodical Times vill bs 
eq | 


EL 
7 


THEOR. Il 


1 tes equal Bodies in Motion n 


cumferences with an equal Celerity, their Centrifugal 
. Forces will be in 4 reciprocal Ratio of the Dy: 


* 25 


' 
OO ᷣvoß - 
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LI AC, ar, be the leaſt Arches deſcribed in the 
fame Time, which, by reaſon the Velocity in both 


the moving Bodies is equal, will be equal. Make 


wo 7 


* Is © 


H. 


u Aich A & fimilar to the Arch 4c, and draw I 


parallel to BC; and the Centrifugal Force in the 
greater Circumference will be to that which is in 
the leſs, as the naſcent Line B C to the naſcent Line 
bc: but BC is to bc in a Ratio compounded of BC 
to I m and In to bc; and from the preceding Lemma, 
B C is to In, as AC to A mg, and In is to cas 
An to ac or AC. Wherefore it will be B C: c:: 
= eee 
Amxac::ACqoracg:Amxac::ac: Am; that 
is, as the whole Circumference @ c to the whole 
Circumference A CH, or as the Diameter @ to the 
Diameter AH. 2, E. D. 


- THEOR. Ill. | 
moving Bodies are carried in equal Circum- 


Ir o 


ferences, but both with an equable Motion, (as ue would 
| be underſtood to mean in al) the Centrifugal Force of 
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the fewifter will be to the 8 
laue Ratio of the Celerities 


Fo x the Centri 
Subtenſes of the Angle of Contact, which * 
we have already demonſtrated) are in the 


paces 
Velocities : wherefore the Centrifugal Forces are in 
a duplicate Ratio of the Velocities. Q. E. D, 


HED. Iv. 
Ir two equal Bodies in motion, carried in unequal Circum- 
ferences, have their Centrifugal Forces equal; the Time 
of the Revolution in the greater Circumference, will be 
10 the Time of the Revolution in the leſs, in a ſubdupli- 
cate Ratio of the Diameters. 


* 4 


LIT AC, be the ba Arches ea Bi 
fame Time; (ſee Fig. Theor. 2.) becauſe - + 


fugal Forces are equal, it will be BC 
the Time wherein the Circumference 
ſcribed, be called T, and the Time whargih 
cumference ach is deſcribed, be f: make 
— ſimilar to the Arch à c, and let us any 

moving Body to run the Circumference 
ACH A in the ſame Time, as it would run 
the Circumference ac ha; and in that Caſe the Arches 
deſcribed in the ſame Time in both Circumferences 
will be Am, ac. But the Velocity of a moving Body 
paſſing through the Arch A m in any given Time, is 
to the Velocity of a moving Body paſſing 
the Arch A C in the ſame Time, as the Arch An to 


the Arch AC: fo that ſince the Time wherein he 


lame Circumference is run over, is al recipro- 
cally as the Velocity, it will be T: :: A wy 


Forces are as the evaneſcent 


by * 
- 


* * 
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N Amg: ACq::m/: BC::ml:þc; that 


Ach AM; is ſimilar to the Arch ac, as 
* b A H to the Diameter 4 5: * 


is manifeſt, iN 2AH: v5. 
— Schol. S1 N c x in every 


Caſe the * - oF 
3s to the Centrifugal Force as BC to bc, but it is 


BC = $54 and 5+ =p: the Centrifugal Force 


will be to the other Centrifugal | Force * 


4, : that is, as the Squares of the Arches deſciibed 


in * ſame Time applied to the Diameters of the 
Circles. And fince thoſe Arches are as the Velo- 
cities, the Centrifugal Forces will be as the Squares 
of the Velocities applied to the Diameters of the 
Circles. 


> LEMMA II. 
ts, 4 moving Body revolves in the Circumference of a Cir- 
1. Space, which the moving Body proceeding for- 


— and only the Centrifugal Force ariſing ſrom that 
circular Motion taking place, weuld run over in a given 
Time, will be a thir bir Proper tional to the Diameter of 
the Circle and that Arch, which if it was carried in 
the Circumference of the Circle it a * 3 in * 


ſame Time. 


LzT AC be any Arch deſcribed in any the leaſt 
Particle of Time, and let # denote any Time or any 
Number of thoſe Particles, » x AC will be the Arch 
which the moving Body carried in the Circumference 
will deſcribe in the given Time , and BC the 
S which it would run over in the firſt 2 3 

Fa hat Time, the Centrifugal Force taking 
* in motion, by the ſame 02 
U 2 con- 


K 
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continued always in the ſame Direction, deſcribes 
S in a duplicate Ratio of the Times, [by Cor. 3. 

demonſtrated 


Ir à moving Body is carried in the Circumference of a 
Cirele, wwith the Celerity which it has acquired by falling 
from @ Height that is equal to a fourth Part of the 
Diameter, it will have a C — al Force equal to 
its Gravity; that is, it will ftretc ihe String, whereby 
it is kept to the Center, juſt as much as if it was ſuſ- 
pended by it. | | 


LzT the Diameter of the Circle be called D, and 

the Circumference P: and ſince, by Hypotheſis, the 

Velocity of the moving Body carried in the Cir- 

cumference is uniform, and (qual to that which it 
| h 


"» 


D. 
a Revolution i 

Time of Deſcent through 4+ D, as P to z D, or as 
2 P to D. For in the Time a moving i 


the laſt, run 


- * 1 
ircumference, is to ime wherein 
. D, as P to z D, or as 2 to D; but 
the Time wherein + D is deſcribed, is = Time of 
the Fall through + D : whence the Time of the Re- 
volution will be to the Time of the perpendicular 
Fall through 4 D, as 2 P to D). 


wx HEOR.*” VI * 
I x the concave Superficies of a Parabolick Conoid, which 


bas its Axis erected perpendicularly, all the Revolutions 
of a moving Body running through the Circumferences 


parallel to the Horizon, whether they are ſmall or great 


&, , 
K Þ %, U3 ay 
=. 


, —— EP TEE 
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are performed in equal Times ; each of which 
are equal to two Oſcillations of a Pendulum, whoſe 
Leng:h is half the Latus Rectum en 
Parabola. 


LzT SANE be a Parabolick Conoid, whoſe 
Axis erected perpendicularly is AP; G D, HE, the 
Diameters o Chas whoſe Circumferences parallel 
to the Horizon the moving Body runs through 
which therefore will be ſollicited by three Powers 
mutually equivalent to each other, acting in three 
different Directions: whereof the firſt is the Force 
of Gravity impelling the moving Body in the right 
Line H N pe icular to the Plane of the Hori- 
zon; the ſecond is the Centrifugal Force ariſing from 
the circular A ſolliciting the moving Body 
from H towards K; but the Place of the chird 
Power is ſupplied by che Reſiſtance or contrary En- 
deavour of the Parabolick Superficies, according to 
the Line HP acting perpendicularly to it; for Re- 
action is always equal to Action, and towards tlie 
contrary Part. W hence ſince the Superficies is preſſed 
perpendicularly by the moving Body, it acts on 
the Body according to the Direction HP, and that 
contrary Endeavour is equivalent to the Power ſolli- 
citing the moving Body according to the Direction 
HP. Wherefore ſince the moving Body is ſuſtained 
by theſe three Powers, they muſt be nece in” 
£quilibrio, that is, any two deſtroy the Effect of the 
other. Whence ON being drawn parallel to H K 
meeting H N in N, if OH ts the Re- action 
of the Parabolick Superficies, the right Line ON 
will expound the Centrifugal Taos, Gs the 
Force of Gravity of the may : Bur by rea- 
ſon the Trian ſes HON, AMP, ar equi-angular, 
ON zs to H a HM to MP; is, the Centri. ; 


. fugal 


as B 
| bola) 
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moving Body de- 
ibing it, is to the Force of Gravity as GB the 


Radius, to BQ the Subnormal. Moreover, becauſe 


the Centrifugal Force of the moving Body running 
over the Circumference HME, is to the Force of 
Gravity as HM to MPI and the Force of Gravity 
of the fame moving Body, is to its Centrifugal. 
Force, when it runs over the Circumference G LD, . 

Q to BG, or (from the Nature of the Para- 

as MP to BG: by Equality, the Centrifugal 
Force of the moving Body running over the Circum- 
ference HM E, will be to its Centrifugal Force when 
it runs over the Circumference GLD, as HM ta 
G; that is, the Centrifugal Forces are as the 
Semi-diameters or Diameters of the Circles, whence . 


[by Cor. Theot, 1.] the Periodical Times are equal. 
Which was the 


—__ be demonſtrated, -» 
+ 7 


+ . L E T 
9 1 LEG q 
bs « 
©» - 
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LI T the Circle GL be its Di IN 


BA. Now let OST be a Cycloid, whoſe 
Axis or the Diameter of the generating Circle SR 
is equal to A B, and the Time of Deſcent through the 
Cycloid O'S will be to the Time of the perpendicular 
Fall through the Axis RS, or through BA, as 2 P | 
to D, by Theor. 46. Lect. 13. But by the pre- of . 
ceding Corol.] the Time of Deſcent through A Bis, ; 
to the Time of the Revolution in the Circumference - 9 
GLD as D to 2 P; wherefore, by Equality, the oY 
Time of Deſcent through the Cycloid O S, is to the A 
Time of a Revolution in the Circumferenece 'G LB | 
as 2 Pto 2P, or as 1 to 4: whence the Time of 
four Deſcents in a Cycloid, or the Time of two 
Oſcillations in a Cycloid, is equal to the Time of a 
Revolution in the Circumference G LD. But the 
to 
e 


Time of two Oſcillations in a Cycloid, is equal 
the Time of two the leaſt Oſcillations in a Circle, 
which is of the ſame curvity with the C at the 


with the Cycloid at 
RS, or twice AB, ( 


Body in the right Line BG BG pops 
Plane of the Horizon, the 
the Direction Bm, is the Centrifugal y oo 


Gor. Hence if a aeg 1 1 | 
— of a — with 1 that * 
uired alling x of Diameter, 
Tune K A e to the Time of 

two the leaſt Ofcillations of a __—_ 


Length is the Semi-diameter of the Circle. 


THEOR. vn. 


I x be Bodies, ſuſpended by unequal Strings, do ſo revolve, 
that they run over Circumferences parallel to the Hori- 


⁊on, ibe Top of the Strings remaining fixed, but the 


+» Heights of the Cones, whoſe * are deſcribed I) 
o ohis Motion, fhall be 


z3 the Times alſo of the Re- 


volutions will be 


Lz T ABE be the Cone, whoſe Superficies the 
—_ AB deſcribes; alſo ADL the Cone whoſe 

rficies is deſcribed by the String AD: and let 
TH the Cree of che. We of nk Cone ani 
AC their common Height. Now let the moving 
Body B be eonſider'd as drawn” by three Powers 
mutually equivalent to ach other : whereof one, 
which is the Force of Gravity, draws the moving 
icular to the 
according to 
whereby 
from the 


the moying Body — to recede 


| G, [ Theor. 28. 
7 orce of the. 
the Force of _ as 
(by the Triangles F BG, 
ABC are equi- angular) as BC to CA. Aﬀeer the 
ſame manner, r Gravity 1 wn; 
moving Body D, as AC. 
: by Equality, the Centrifugal 1. 
Farce of the moving Body B, will be »— 


Lex T B and G be the two moving Bodies, and let 
firſt of all the Cones ABD, E GH, whoſe Super- 


= 
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es are defefibed! by the Strings, be ſimilar; 


Force 1A 


ifugal Force 


3: 


CLEF 


ja. 


{rl 


THEOR. IX. 


Tr a Pendulum carried in a Conical Motion makes very 
ſmall Revolutions; the Times of each of them have to 
* the Time of the perpendicular Fall from twice the 
Height of the Pendulum, the Ratio, which the Circum- 
ference of a Gircle bas to its Diameter: and conſequently, 


| the Ti two lateral 
SZY CNT 


LzT ADB be a Cone, whoſe Superficies is de- 
ſcribed by a String, and let its Height be A g near 
== AB, becauſe the Revolutions are exceeding aul. 
With the Semi- diameter G H = A c deſeribe 


7 
. 
the 


* 
* 
- 


1 


8 


. 


Lo 


he. 
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N 
N — 


a *” 
4 
* » 1 
- 
, ö 


D to P. The latter part of this Theorem is mani- 
feſt from the Corollary of Theor. 6, 
Or. Hence ſince the Time of the icular 
Fall is in a Tubduplicate Ratio of the Space 
over by a falling heavy Body, thg Time of Deſcent 


p * 
* 1 
4 | : 3 
1 4 4 F * 
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from the Height of a Pendulum will be to the Time 
of an exceeding ſmall Revolution as D x v/ | to P. 
THEOR. X. 


Ir 4 moving Bady is carried in a Circumference, and per- 
4 each Revolution in the Time wherein a Pendu⸗ 


lum, having its — yr to the Semi-diameter of 
ence, a very ſmall Revolution 


that Circumfer 


in a Conical Motion, or twice an exceeding ſmall lateral 


Oſcillation ; that moving Body will have a Centrifugal 
Force equal to its Gravity. 


1 the moving Bodies B, G, ä 
ng» p'Þ their — 128 Times; 
ſee Fig. preceding e Centri 

[ee Fig. of moving Body B will Lot 
fans Fane of the moving Body G, as BC to G H, 
de ſo the Cen- 
trifugal Force of the moving Body B to the Force of 
Gravity, [by Cor. Theor. 7. ] wherefore boy 9 Et 6.] 
the Contiint Fen of the movin = will be 
equal to the Force of Gravity. Q, E. 


THEOR. xl. 


T n Times of the Revolutions of am Pendulum carried 

with a Conical Motion, will be equal to the Time of the 

Fall from a Height equal to the String of 
the Pendulum; when the Angle of Inclination of . 

String to the Plane of the Horizon will be nearly 2 degr. 

84 min. But eas, if the Sine of that Angle ſhall 

be to Radius as à Square inſcribed in a Circle to the 


| _ Square of its Circumference. 


= Lr the Pendulum, whoſe String deſcribes the 
onen Superficie CAD, be * as the yu 
- 


| 


the Angle ACE fhall be to Radius (that is, A E to 
AC) as; D- to P“. Let alſo AFG 
ficies of a Cone, which the String of 
deſcribes carried with an exceeding ſmall Motion, 
whoſe Height therefore is AB=A F=AC. The 
Time of a Revolution of a moving Body F, will. be 
[by Theor. $.] to the Time of a Revolution of the 
moving Body C, in a ſubduplicate Ratio of AB, or 
ACto AE: but it is as AC to AE, fo (by Hypo- 
theſis) P* to: D*; wherefore the Time of a Revo- 


| x lation of the moving Body F, will be to the Time 4 


1 of a Revolution of the moving Body C, in a ſub- 
| duplicate Ratio of P * to 4 D*, that is, in the Ratio 
P to Dx Vz. But it is as P to DX VZ, fo [by 
N 3 Ge 2 of the leaſt Revolution, 
is, the A F, 


- 
wa 


—_— 
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222 9E. 4.] the Time of the Revolu- 
= O, will be equal to the 


. 
100000 to 5070, which therefore is the Sine of the 
— D— to which nearly anſwer 2 Degrees 
54 Minutes. 


' THEOR. XI. i 


I two Pendulums equal in W, 

Strings do revolve in 4 Conical Motion, and 
the Heights of the Cones are equal, the Forces where- 
with they ftretch their Strings, will be in the ſame 
Ratio, as is that of the Length of the Strings. 


17 . fimple Pendulum is moved with the greatef lateral 
Oſcillation, that is, if it deſcends through the whole 
ant of a Circle, when it ſhall arrive at the 


loaweſs Point of the Circumference, it will draw. its 
* 


eight, but baving their 


M. eee 4 I 


String with triple a * owe then it 
an ſuſpended . * * 


117 AB Nee mien through 


the 
Quadrant F B, biſet AB in C, 'thiough Gd 


draw CE perpendicular to A B, and i (cle the 
Circumference K * Pendulum deſe 


101 


only through the Arch E B, it would acquire in the 
Point B the ſame Velocity, as if it had deſcended 
CB =4 of the Diameter [by Corol. 1 

38. of the 15th-Le&.] ſo that [by Theor. 5.] it will 
have in the Point B a Centrifugal Force equal to its 
Gravity: and c atly the Gravity and the 
Centrifugal Forte joined together, will draw the 
String with twice 4 greater Force than it would 
be drawn by tie. Gravity alone But if the Pen- 
dulum is raiſed to F, after id Deſcent to B, it will 
acquire the ſame Velocity, as if it had fallen 
through AB. But A B is to BC in a duplicate Ra- 
tio of the Velocity acquired in the Deſcent through 

AB, to the Velocity acquired in the Deſcent 


through B C; wherefore alſo A B will be to BC 
[by © Theor. 3] as the Centrifugal Force of the 
moving Body in the Point. B after the Deſcent 
through F 4. to the Centrifugal Force in the Point 


B, after he > 


nl 
5 1 
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ements of Natural Nan — 
e ar Iſaac . Phi 2 
Latin by William Janes Grabeſahde, Doctor * 
aticks and Aſtronom 


7 
8 
” 


4 
; 


L 
5 
2 
pal 


1 


r 


2 
- or the — 
: if, ln erg Uhm of ani- 


Mathematician, 
D. ee To which is prefix'd a Letter to the Tranſlator, 
the Reverend J. T. Defoguliers, LL. D. F. R. 8. The Fourth 
adorned with Cuts. 1 
2 Ana ick Treatiſe of Seions and their Uſe, for 
ling of quations in determinate and indeterminate Problems, 
deing the poſthamous Work of the Marquis Je { Heſpital. Quagrto, . 
172 
. or a Treatiſe of Arithmetical Com- 
ee fem of To which is added, Dr. Halley's Method 

vations arithmetically. Tranſlated from 


. Raphſon, and reviſed and correfted by 


iples of „ natural and reveal'd, 
Account ef the Syſtem of the Univerſe, 
th of that Syſtem demonſtrated from the eſtabliſhed. 
Laws of Matter and Motion; together with probable ConjeQtures 
ot the Nature and Uſes of the ſeveral celeſtial Bodies, contain d is, 
che ſame Syſtem, &c. By Wl. 1#bifton, ſometime . 
Mathematicks in the Univerfity of Cambridge. | 
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" $4” 


8. The Philofopbjcat Works ef the Honourable Nobert Boyle, 
Eſq; abridg'd, methodiz'd, and diſposd under the ſeveral Heads 
: of Phyfics, Statics, Pneumatics, Natural Hiftory, Chymiſtry and 
Medicine. The whole illuſtrated with Notes, containing the Im- 
made in the ſeveral Parts of natural and experi 
edge, fince his Time, in three vol. with Cuts. By Peter 
Shaw M D. Quarto. Second Edition. 138 
9. Philoſophiz Naturalis Principia Mathematica, AuQore Iſaacb 
New: ono — Editio tertia, aucta & emendata. Quarto, 
Lond. 17:6. ad 
10. Epiſtola ad Amicum de Coteſij Inventis Curvarum ratione, 
quz cum Circulo & Hyperbola comparationem admittunt; cui 
additur Appendix, AuQore Hen. Pemberton, M. D. R. S. S. Quarto, 
1722. | | 
"11. Elementa Arithmericz Numeroſe & Specioſe in uſum Ja- 
ventutis Academicz, Auctore Edv. Wells, S. T. P. Editio altera 
Auctior, $vo, 1726. g 
"Iz. Opticks: or 4 Treatiſe of the Reflexions, Refract ons, In- 
flexions, and Colours of Light. The third Edition cortected. By 
Sit Jane Newton, Kt. 8vo. | E 
. 13, Optice, five de Reflexionibus, RefraQionibus, Toflexionibus 
Coloribus Lucis, Libri tres. Authore Iſaace Newton, Equite 
Aarato. Latine reddidit Samuel Clarke, S. T. P. Editio d 
auctior, 8 vo, 1719. OT , 
14. latroductio ad Veram Phyſicam. Authore Joanne Keill, 
M. D. Aſtr. Prof. Sav. R. S. S. Editio quarta, 8vo, 1719. 
15. Geometria organica, five Deſcriptio Linearum curvarum uni- 
verſalis. Auctore 'Colind Mac · Lauris Matheſeos in Collegio novo 
Abredonenſi Proſeſſore, & Reg. Soc. Socio. Quarto. 

16. Philoſophical TranſaRions ; giving an Account of the preſent 
| Uadertakings, Studies and Labours of the Ingenious in many con- 
fiderable Parts of the World, from 1665 to 1726. In 33 volumes. 
Continued and publiſhed by Dr. James Juris, Sec ro the 
Royal . N. B. There are 392 Numbers, moſt of which 
may be had ſeparate. | 
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There is now made by May , 2 large Pair of Globes of 
28 Inches Di. meter, from the lateſt Obſervations and Diſcoveries, 
fit to adorn the Librarys of the Curious. Alſo Globes of 17, 12, 
and 9 Inches Diameter; Dr. Halley's Zodiac, Mr. Whiſton's folar 

fem, and a Pair of large Hemitpheres, contaiaing all the Stais 
in Mr. Flamfeed's Catalogue. Theſe, with the Maps of the 
World, and Quarters, and all the general Diviſions of Eurepe, are 
3 at the Globe, over-agaialt St. Dann Church, in 
Fleet -Hreet. . | | he * 


